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ABSTRACT
As part of a biochemical systematic investigation of 
the tribe Helianteae (Compositae) for their secondary 
metabolites, Calea deltophylla Cowan from the subtribe Gal- 
insoginae, Squamopappus skutchii (S. F. Blake) Jansen, Hai—  
riman and Urbatsch, from the Ecliptinae, and Podachaenium 
eminens (Lagasca) Shultz-Bip. from the Verbesininae were 
chemically investigated. Calea deltophylla provided the 
known compounds ageratochromene and eupatarone and three new 
compounds, 3-methoxy-4-hydroxyseneciophenone, caldeltophyl- 
lide and deltophyllin. ' Squamopappus skutchii yielded the 
known sesquiterpenoid 3-eudesmol, two new guaianolides, 
skutchiolides A and B, and the new eudesmanolide chapinolin.
P. eminens provided three known guaianolides. The struc­
tures of the compounds were established by chemical and 
spectroscopic methods including MS, IR, CD, >H NMR and 13C 
NMR techniques and single crystal X-ray diffraction analy­
sis.
The chemical data support the taxonomical classifica­
tion of C. deltophyl la and P. eminens and justify the 
removal of S. skutchii from the genera Calea and Poda­
chaenium, and its placement into the subtribe Ecliptinae.
Terpenoid extracts of thirty plants from the Compositae 
family were tested for their molluscicidal activity against 
Biomphalaria glabrata snails. Nearly 50% of the extracts
xiv
exhibited molluscicidal activity, the most active being 
those of Podachaenium eminens from Mexico and Ambrosia con­
fertif lora from Nuevo Leon, Mexico, and Texas, with 
LCioo<24 hrs) of 50, 100 and lOOppm, respectively. Confei—  
tiflorin from A. confertiflora DC provided upon treatment 
with p-toluensulfonic acid a mixture of desacetylconferti- 
florin and allodesacetylconfertiflorin. Treatment of confei—  
tiflorin with phenylselenyl chloride followed by hydrogen 
peroxide oxidation yielded a mixture of 8a-acetoxyambrosin 
and 2,3-dehydro-8a-acetoxypsilostachin C. The structures of 
the new compounds were inferred from spectral data. Forty 
sesquiterpene lactones were tested for their molluscicidal 
activity against B. glabrata snails. The most active of the 
compounds was 7a-hydroxy-3-desoxyzaluzanin C with an 
LCioo(24 hrs)=1.0 ppm.
Ten sesquiterpene lactones, four guaianolides and six 
pseudoguaianolides, were tested for thei,r inhibitory activ­
ity toward the enzyme phosphofructokinase. All compounds 
were found to be active as inhibitors. The most active of 
the guaianolides was 7oc-hydroxy-3-desoxyzaluzanin C and 
allodesacetylconfertiflorin the most active pseudoguaiano­
lide with apparent Ki values of 0.07 and 3.24 mM, respec­
tively.
xv
CHAPTER 1
CHEMISTRY OF PLANTS FROM THE HELIANTEAE 
( ASTERACEAE ).
1
21.1 INTRODUCTION
The family Compositae (Asteraceae) is constituted by 
13 tribes. Among these tribes, the Heliantheae is the 
largest and morphologically most diverse. Traditionally the 
tribe Heliantheae has been divided into 10 subtribes1 with 
the subtribe Galinsoginae containing 15 genera, the Verbe- 
sininae 28, and the Ecliptinae 22.2 The genus Calea is the 
largest of the Galinsoginae and contains about 80 species.3 
The genus Podachaenium, a member of the Verbesininae, con­
tains only two species, and Squamopappus, a monotypic 
genus, is part of the Ecliptinae.4
The species of the genus Calea exhibit considerable 
variations in their morphology, and are represented by 
shrubs, small trees, vines and perennial herbs. The genus 
is restricted to montane regions of the New World where it 
occurs at tropical latitudes. Its habitat extends from Mex­
ico through Central America south to Brasil.® A few species 
are abundant and weedy, many are restricted in their dis­
tributions, and some are rare.
Members of the genus Podachaenium are found as coarse 
shrubs or small trees to about 8 meters high, and they are 
distributed from South Central Mexico to Costa Rica in Cen­
tral America at altitudes between 300-2,600 meters.6
Squamopappus skutchii (=P. skutchi i , =C. skutchii) is 
represented by shrubs or small trees up to 8 meters tall. 
It is found in the province of Quetzaltenango in Guate­
mala. 4
31.1.1 Secondary Metabolites from Calea and Podachaenium.
Secondary metabolites, in contrast to primary metabo­
lites which have broad distribution in all living organ­
isms, have a restricted distribution and are present prima­
rily in plants and microorganisms. They are often 
characteristic of individual genera or species, and are 
formed along specialized biosynthetic pathways.
Secondary plant metabolites have been successfully 
used as markers in biochemical systematics.7 Their use is 
based on biosynthetic information obtained experimentally 
and in some instances proposed biogenetic arguments. Within 
a certain group of natural products, biosynthetic schemes 
are developed based on the knowledge of estabished biosyn­
thetic routes for similar groups of secondary metabolites, 
chemical-mechanistic reasoning, and in vitro verification 
of proposed biogenetic pathways.
The terpenes represent perhaps the largest family of 
naturally occurring secondary metabolites.8 Oligomers and 
polymers of the five-carbon "prenyl” unit, dimethylallylpy- 
rophosphate (3), they form a class of unlimited numbers in 
terms of both size and structural diversity (Table 1-1).
Within the terpenes, the sesquiterpenes (Ci8> form a 
structurally diverse and widely distributed group of com­
pounds. The sesquiterpene lactones represent a subclass of 
the above, and they typically contain an a-methylene- 
7-lactone moiety (1). Their occurrence is restricted to
4certain families and genera mainly in the families Composi­
tae and Magnoliaceae, which makes them useful as markers in 
biochemical systematic studies.9
Table 1-1. Classification of Terpenes by Carbon Number.
prefix No. of carbons
hemi Co
mono Ci o
sesqui Cl 5
di Cz o
sester Cz 5
tri Ca o
poly (Co) „
0
1
To date there are about 1,500 sesquiterpene lactones 
known.9,10 They are biogenetically derived from trans- 
trans-farnesylpyrophosphate (4) which after cyclizations
5and bioraodifications leads to the germacranolides, which 
are the biogenetically most primitive group of sesquitei—  
pene lactones. Germacranolides are sesquiterpene lactones 
which have a 1(10), 4(5)- cyclodecadiene skeleton, and they 
can be 6,7- or 7,8-lactonized.10
The biogenesis of the germacranolides from the iso- 
prene precursor is shown in Scheme 1-1. After the formation 
of the germacrane intermediate (5), bio-oxidations of the 
isopropyl side chain and hydroxylation at C-8 or C-6 at the 
cyclodecadiene skeleton allow the lactonization yielding 
the respective germacranolides (9) and (10). 11
All other skeletal types of sesquiterpene lactones are 
biogenetically derived from the germacrane skeleton.10 They 
are produced from the germacranolide precursor which undei—  
goes a series of cyclizations, ring openings, oxidations, 
reductions, etc. The different groups of sesquiterpene lac­
tones and their biogenetic relationship are shown in Scheme 
1- 2 . 11
1.1.2 Previous chemical studies of members of the 
genus Calea.
Considering that the genus Calea contains about 80 
species and that until now approximately 30 species have 
been subjected to chemical investigations, knowledge of the 
various secondary metabolites within this genus has to be 
considered incomplete.
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Scheme 1-1. Biogenesis o£ 6,7- and 7,8-lactonized
germacranolides from the isoprene precursors.
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Scheme 1-2. Biogenetic relationships of germacranolide- 
derived sesquiterpene lactones.
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Scheme 1-3. Configurational types of germacranolides 
in the genus Calea.
Tablo 1-2. Skalatal Typo of Sosqullerpene Lactonoa in Calea Speclos.
Plant GE HE FH EU GU REF.
Calea august a — — 2 — — 12
C. axillaris — — 1 -- — 13
C. berterlana 2 2 — — 3 14.15
C. ctomatIdea 5 16
C. divaricate 1 2 — — — 17
C. harleyl — —  • — 1 — 18
C, hymenolepls — 1 4 1 — 19
C. hlsplda — 1 4 — — 20
C. Jamal consts 1 1 — — 2 21
C. lantanotdos — — 2 — — 22
C. leptocephala 3 1 2 — 1 23
C. megacopha1 a l' 1 — — — 24
C. mortli — — 6 — 25
C. now species — -- 5 — — 26
C. Oliver11 — 1 — — — 27
C. oxylepls — — 3 — — 28
C. pllosa 1 — 15 — — 25
C. plnnatlflda 2 29
C. prunifolla -- 1 — 1 3 15
C. rotundlfol la 1 2 — 3 — 30
C. septupllnervla — — — 2 — 31
C. sol Idaglnea — 2 — — 4 15
C. subcordata 1 — — 3 3 32,33,34
C. szyszloulczt 1 14 — — 9 — 35
C. terntfolia 3 — 3 — — 36,37,38.
C. teucrlfolia — — 1 — — 25
C. trichotoma 1 1 — 9 — 39,40
C. urtlcl folia 5 — 3 — — 41.42.43
C. vlllosa 2 — 5 — -- 44
C. zacatechlchi 2 — 3 — — 45,46,47
CH” Gornocranej HE“ Heliangolldoi FH“ Furanoholiangolido: EU« Eudoamanolldet 
GU« Guaianolldo.
10
The distribution of the presently known skeletal types 
of sesquiterpene lactones in Calea species is summarized in 
Table 1-2. Over 150 sesquiterpene lactones have been iso­
lated from Calea species.12-47 Appproximately 45% of them 
are represented by heliangolides (10a) or biogenetic deriv­
atives, 30% are germacranolides (10), 20% are eudesmano- 
lides (13) and the rest are guaianolides (16).
Although the heliangolides and their biogenetic deriv­
atives seem to be the most abundant structural types of the 
sesquiterpene lactones in Calea, it is important to note 
that C. , Jamaicensis, which represents the type species, 
contains two guaianolides, a germacranolide and only one 
heliangolide.21
1.1.3 Previous chemical studies of the genus Podachaenium.
The genus Podachaenium contains only two species, P. 
eminens and P. pachyphyllum.A One population of P. emi- 
nens from Guatemala had been previously studied by Bohlraann 
and Le Van.48 They isolated seven sesquiterpene lactones of 
the guaianolide type, 24-30, the structures of which are 
shown in Figure 1-1.
It is interesting to note that in spite of the place­
ment of Calea and Podachaenium into different subtribes 
in the Helianteae, and that their genotypes, C. Jamaisen- 
sis and P. eminens respectively, appear to be very dif­
ferent morphologically as well as chemically, there seems
Figure 1- 1. Sesquiterpene lactones from Podachaenium eminens.
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•to be some disagreement in the placing of certain plants 
such as S. skutchii within either genera.
Originally classified by Blake as Calea skutchii , 49 
it was later transfered to the Verbesininae by Robinson who 
expanded Podachaenium to include it as P. skutchii.80 Based 
on morphological observations, Jansen et al. reclassified 
P. skutchii and transfered it to a new monotypic genus 
Squamopappus skutchii, within the subtribe Ecliptinae.4
In this chapter the chemistry of Calea deltophylla, a 
Mexican population of Podachaenium eminens, and two Guate­
malan populations of Squamopappus skutchii will be 
described. Furthermore, a correlation between the secondary 
metabolites of these taxa with their morphology-based taxo­
nomic classification will be attempted.
1.2. RESULTS AND DISCUSSION
1.2.1. Chemical Analysis of Calea deltophylla.
Figure 1-2 shows the 1H NMR spectrum of the crude tei—  
penoid extract of C. deltophylla from Villa Lola, Vene­
zuela. Chromatographic fractionations of this crude extract 
are described in the experimental section. The different 
fractions yielded compounds whose structures elucidations 
are discussed below.
Chemical and spectral analysis resulted in the isola­
tion of two new sesquiterpene lactones, a new phenone as
Calea deltophylla
»  r • »  r ~i — — I r~
6 5 A
i  r
3
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Figure 1-2.*H NMR spectrum of the crude terpenoid extract of C. deltophylla.
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well as a known chromene and a benzofuran. The structures 
of these compounds are shown in Figure 1-3. The chro­
mene (31) and the benzofuran (32) were identified as agera- 
tochromene51 and eupatarone,52 respectively, by comparison 
of their spectral data with the ones of the compounds 
described in the literature.
The spectral data of the new compounds, 3-methoxy-4- 
hydroxyseneciophenone (33), the germacranolide caldelto- 
phyllide (34) and the guaianolide deltophyllin (35), were 
deduced mainly from their NMR spectral data.
3-Methoxy-4-hydroxyseneciophenone (33), was an oil 
with a mass spectrum indicating a molecular formula of 
C 12H 14O3. The *H NMR spectrum of 33, Figure 1-4, shows a 
pattern for a 1,2,4 trisubstituted benzene ring. A singlet 
at S3.79, which integrated for three protons, indicated the 
presence of a methoxy group. Two more signals, a broad sin­
glet at 52.21, and a doublet at 52.04 also integrated for 
three protons each. A one-proton multiplet at 56.72 sug­
gested the presence of a vinyl proton a to a carbonyl 
group. Irradiation of this multiplet caused the signal at 
52.21 to sharpen, while the doublet at 52.04 collapsed to a 
singlet. These characteristics account for a 8 ,0-dimethyl 
acryloyl moiety, confirmed by the presence of IR bands at 
1670 cm-1 for an oc,j3- unsaturated carbonyl and bands at 
1630 and 850 cm-1 for a trisubstituted double bond. Among 
the three aromatic protons, the doublet at 57.22 (J2 ,6=2.8
MeO
MeO
MeO
MeO
: @ C M
31 32
MeO
HO
33
AcO,
TigO
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A a' a*
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IOC ir
2S R * -O-CO-NH-CO-CCl,
Figure 1-3. Compounds isolated from C, d e l t o p h y l l a .
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Hz) and the doublet of a doublet at 57.07 (Js ,6=9.0 Hz 
and JZt6=2.8 Hz) are on the carbons ortho to the carbon 
bearing the acyl moiety. This leaves C-3 and C-4 as the 
positions for attachment of the methoxy and hydroxyl sub­
stituents. The positioning of these substituents was 
assigned on the basis of the chemical shift of H-5. The 
chemical shift of H-5 at 56.91 suggested that this proton 
is ortho to the hydroxyl rather than the methoxy substit­
uent, since a neighboring methoxy group would have produced 
a further downfield shift of H-5 above 57.1. The arrange­
ment of the substituents in the form depicted in struc­
ture 33 is in agreement with the spectral assignments.
Further confirmation of the proposed structure for 
compound 33 was obtained from the 13C NMR spectral data 
given in Table 1-3. The l3C NMR spectrum, Figure 1-5, 
showed three quartets corresponding to the two vinyl 
methyls and the methoxy group (521.32, 528.12 and 556.02),
A doublet for C-8 (5113.05) and a singlet for C-7
(5195.82). the signal for C-9 appeared as a deshielded sin­
glet at 5151.49 and the rest of the signals are in agree­
ment with the proposed structure.
Caldeltophyl1 ids (34) C 17H20O5, is a gum with an IR 
spectrum showing the presence of three carbonyl groups, a 
7-lactone moiety (1770 cm-1), an ester (1730cm-1) and a
conjugated carbonyl (1695cm-1). The ester function was 
assigned to an acetate group on the basis of a diagnostic
17
MeO
HO
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Figure l-». . ‘H-NHR apectrun of 3-nethoxy-4-hydroxyaeneelo- 
phenone 03). 2oo MHz. a) In CDClai b) in C*D*.
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Figure 1-5.13C NMR spectrum of 3-methoxy-4-hydroxyseneciophenone (33)
Table 1-3. 13C NMR data* for compound 33.
Carbon *
C-1 120.18 s
C-2 123.27 d
C-3 157.93 s
C—4 157.52 s
C-5 119.08 d
C-6 119.96 d
C-7 195.82 s
C-8 113.05 d
C-9 151.49 s
C-10 28. 12 q
C-1 1 21 .32 q
C-12 56.02 q
*Run in CDCls at 50.32 MHz at ambient temperature.
Chemical shifts are given in ppm (&) relative to 
TMS as determined by proton noise decoupling. Peak 
multiplicity was determined by the off-resonance
coupled spectra.
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*H NMR singlet at S2.06 (Figure 1-6), together with a chai—  
acteristic MS peak at m/'z 244 due to the loss of acetic 
acid (M+-60) and a base peak at m/'z 43 [CHaC0] + . The pres­
ence of two downfield doublets at &6.35 ( J 7 ,i 3 m=3.S Hz)
and S5.64 ( J 7 ,13b=3.2 Hz) are typical for an
oc-methylene-7- lactone moiety. Further assignments of the 
proton signals, shown in Table 1-4, were deduced from 
double irradiation experiments.
Independent irradiations of the doublets at S6.35 and 
S5.64 changed the shape of the multiplet at S3.23, indicat­
ing that this signal is due to H-7. Irradiation of the sig­
nal at S3.23 (H-7) collapsed the signal at S4.18 into a 
doublet of a doublet ( J =11.6 Hz and J =2.3 Hz) and the 
chemical shift suggested that it is due to the lactonic 
proton. The magnitude of the coupling constant between 
these two protons (J=11.6 Hz) indicated an antiperiplanar 
orientation, which strongly suggested a trans-lactone. Fur—  
thermore, two obscured signals at S2.89 and S2.72 resolved 
upon irradiation of H-7. This suggested that H-7 is next to 
a methylene group. Saturation of the signal at S4.18 
affected the signals at S2.22 and S2.75, indicating a 
methylene group next adjacent to the lactonic proton.
A broad one-proton doublet at S5.12 <J=9.6 Hz ) indi­
cated the presence of a vinyl proton. Irradiation of this 
signal changed the doublet of a triplet at 55.44 to a doub­
let of a doublet (Jz,3«=9.6 Hz and J*,3b=7.2). At the same
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Figure 1-6.‘H NMR spectrum o£ caldeltophyllide (34) (200 MHz in CDCla).
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Figure 1—7.1H NMR spectrum of ,caldeltophyllide (34) (200 MHz in C6D6).
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time, the three-proton singlet at SI.71 sharpened indicat­
ing that the methyl group is allylicly coupled to the 
double bond proton, but its configuration could not be 
established.
Irradiation of the doublet of a triplet at S5.44 col­
lapsed the broad doublet at S5.12 into a broad singlet. At 
the same time an obscured signal near S2.91 was also 
affected. When the *H NMR spectrum was taken in C6D6, this 
latter signal at S2.91 resolved into two doublets of a 
doublet at S3.01 (J=13.0 Hz and J=9.6 Hz) and at S2.65 
(J=13.0 Hz and J=7.2 Hz). These absorptions suggested the 
presence of a methylene group next to the carbon bearing 
the acetate moiety. When the multiplets near S2.90 were 
irradiated, a slight sharpening of the singlets at 55.77 
and 55.73 occured which indicated that allylic coupling 
exists between these protons. These two one-proton singlets 
at S5.77 and 55.73 are typical of exocyclic methylene pro­
tons which, based on their chemical shifts must be part of 
an a,/3-unsaturated carbonyl moiety. Based on biogenetic 
arguments, the basic germacrane skeleton of caldeltophyl- 
lide is that shown in structure 34, with the ester substit­
uent at the C-2 position.
Assuming that in 34 H-7 is cx oriented, as in all known 
lactones from higher plants10, the lactonic proton H-8 
should be £ oriented since the large J value indicates an 
antiperiplanar arrangement of these two protons. The magni­
25
tude of the coupling constant between H-1 and H-2 (J;,2=9.6 
Hz) indicated a synperiplanar or antiperiplanar orientation 
of H-1 and H-2. Therefore the stereochemistry of the ace­
tate substituent at C-2 remains open. On the basis of these 
assignments, the tentatively proposed structure for caldel- 
tophyllide is that depicted in 34.
Deltophyl1 in (35), CzoH260B, is a gum which exhibited 
in the *H NMR spectrum (Figure 1-8) two one-proton doublets 
at S6.01 (H-13a) and S4.86 (H-13b), and a one-proton multi­
plet at S3.30 (H-7), suggesting an a-methylene- y-lactone 
moiety. The IR spectrum confirmed the presence of a 
y-lactone with an absorption at 1760 cm"1: Other IR spec­
tral bands indicated an ester chain (1705 cm-1), carbon-
carbon double bond(s) (1650 cm-1) and hydroxyl group(s) 
(3580 and 3500 cm-1). The ester group was identified as a 
tiglate ester based on characteristic *H NMR signals with a 
one-proton quartet of quartets at S6.71, and two three-pro- 
ton vinyl methyl signals at SI.83 and SI.82. Also, the mass 
spectrum showed strong peaks at m/z 83 and 55 typical of 
the fragments A 1 and A2, respectively. Extensive decoupling 
experiments allowed for the assignment of the rest of the 
*H NMR signals, the results being summarized in Table 1-3.
Two broad singlets at S4.98 (H-14a) and S4.87 (H-14b), 
typical of an exocyclic methylene proton absorption, sharp­
ened upon irradiation of the signal at S2.74 (H-1), indi­
cating an allylic relationship. Furthermore the signal at
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Figure 1-9. lH NMR spectrum of deltophyllin (35) (200 MHz in C»D*)
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52.23 (H-5) resolved into a doublet of a doublet (J t,B= 14.0 
Hz, Js,6«=6.0 Hz and ^6»6b=2.0 Hz), and two obscured sig­
nals at 52.01 and 51.67 were also changed. Irradiation of 
H-7 collapsed the two H-13 doublets to singlets, and sim­
plified the signal at 54.02 from a doublet of a doublet of 
a doublet to a doublet of a doublet. This signal was 
assigned to the lactonic proton. When H-7 and the lactonic 
proton at 54.02 were irradiated, changes were observed only 
in the aliphatic region which indicated that both, H-7 and 
H-8 have neighboring methylene groups. The chemical shifts 
and multiplicities suggest that the basic skeleton 
of 35 has to belong to the guaianolide series with a 
12,8a-lactone group.
On the basis of its multiplicity, the doublet of a 
doublet at 55.43 (J^a.s =11.5 Hz and J2b,3=6.0 Hz) was 
assigned to H-3, leaving C-4 as the carbon bearing the tei—  
tiary hydroxyl group. The configuration at C-4 was detei—  
mined by in situ acylation of the alcohol with trichlo- 
roacetyl isocyanate.54 The *H NMR spectrum of the 
trichloroacetyl carbamate derivative (36), showed one N-H 
signal at 58.45 which further supported the presence of an 
OH group in compound 35. The paramagnetic acylation shift 
of the H-15 signal from 51.02 in 35 to 51.11 
in 36 (aS=0.09) is consistent with the presence of an OH 
group at C-4. Simultaneously, the pronounced paramagnetic 
shift of H-6b from 52.01 to 53.22 (a5=1.21) was not unex­
29
pected due to a strong deshielding effect caused by the 
carbonyl group of the carbamate moiety. Furthermore, the 
absence of any significant shift of H-5 and H-3 in the car—  
bamate derivative was an indication that these protons 
should be on opposite sides to the OH group.84 This pro­
vided evidence that the OH group at C-4 and H-6b are on the 
same side of the molecule, thus proposing a |3 orientation 
for the hydroxyl group in -lactone 35 as shown in its stereo 
structure.
1.2.2 Chemical Analysis of Squamopappus skutchii .
Chemical analysis of two different populations of S. 
skutchii from Guatemala yielded three compounds from one of 
the collections and four from the other.
S. skutchii (collection Urbatsch TJo. 3022 from Totoni- 
capan, Guatemala) provided three new sesquiterpene lac­
tones: Two guaianolides, skutchiolide A (37) and skutchiol- 
ide B (39), and one eudesmanolide, chapinolin (40). S. 
skutchii (collection Urbatsch No. 3023 from Quetzaltenango, 
Guatemala) afforded the same three sesquiterpene lactones 
and the known sesquiterpene /3-eudesmol (41). The structure 
of the compounds isolated from both S. skutchii populations 
are shown in Figure 1-10.
Dried aerial parts of S. skutchii No.3022 and S. skut­
chii No.3023 were extracted and worked up for their terpe-
R.O
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Figure 1-10. Compounds isolated from S. skutchll.
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Figure 1 — 11.* H NMR spectrum of the crude terpenoid extract of S. skutchii 
(Urbatsch No. 3022)
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Figure 1-12. *H NMR spectrum of the crude terpenoid extract of S. skutchii 
(Urbatsch No. 3023).
noid constituents. The *H NMR spectra of the crude terpe­
noid extracts are shown in Figures 1-11 and 1-12.
The crude syrups were fractionated by column chroma­
tography and purified by the procedures outlined in the 
experimental section, which allowed the isolation of the 
compounds shown in Figure 1-10.
3-eudesmol (41) was characterized by comparison of its 
lH NMR and mass spectral data with those described in the 
literature*6. The identity of the new compounds was estab­
lished by spectroscopic techniques and their structure 
determination is described below.
Skutchiolide A (37) was a gum, with a mass spectrum 
indicating a molecular formula of C22H2608. The lH NMR 
spectrum of 37 (Figure 1-13) displayed two one-proton doub­
lets at 56.22 (H-13a) and 55.67 (H-13b), and a multiplet at 
S3.45 (H-7) which are characteristic of an a-methylene- 
y-lactone. An IR band at 1770 cm-1 confirmed the presence 
of a 7-lactone moiety. The IR spectrum showed two further 
bands at 1710cm-1 and 1720cm-1 which indicated the presence 
of two ester groups. A three-proton singlet at 52.03 in 
the 1H NMR spectrum and a base peak at m/z 43 in the mass 
spectrum indicated the presence of an acetate side chain. 
The other ester group was identified as an epoxyangelate 
moiety based on diagnostic 1H NMR signals at 53.08 (quai—  
tet, H-3'), a three-proton singlet at 51.57 (C-2'-Me) and a 
three-proton doublet at 51.35 (C-3'-Me). Mass spectral
uti lR
Ri=-OEpoxyang, Rz=-OAc, Rs= H
57 24 3
Figure 1-13. ‘H NMR spectrum of skutchiolide A C37) (200 MHz in CDC13).
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peaks at. m/z 116 (A1), 83 and 55, which are typical frag­
ments of this ester group, supported the NMR assignments. 
Detailed *H NMR double resonance experiments allowed the 
structural assignments (Table 1-5).
Irradiation of the multiplet at S3.45 (H-7) collapsed 
the two doublets at S6.22 (H-13a) and S5.67 (H-13b) to sin­
glets, and resolved the two doublets of doublets at S3.87 
and S5.31 into doublets. On the basis of the chemical shift 
the signal at S3.87 was assigned to the lactonic proton. 
Saturation of the lactonic proton collapsed the doublet at
S2.85 to a broad singlet. Irradiation of the doublet of a 
doublet at S5.31 changed the doublet at S5.65 to a singlet. 
Based on these observations, the chemical shifts can be 
assigned as follows: S2.85 CH-5), S3.87 (H-6 ), S5.31 (H-8 )
and S5.65 (H-9). Based on the magnitude of the coupling
constants (Js ,6 = 9.5 Hz, = 10.5 Hz, J7,B = 10.0
Hz and Je * 9 = 9.3 Hz), and taking into account that H-7 
is a in sesquiterpene lactones from higher plants10, the 
protons at C-5 to C-9 must be antiperiplanar to their 
neighboring protons suggesting the stereochemical arrange­
ment depicted in the partial structure A.
Tabla 1-5. »8 88X tpKtril datat 
37
of compound* 37* 38. 39 and 40. fKun at 200 Mb 
31 1 39
la C0C1#).
40
8-1 3.52dd(II.0.5.0)
8-2a 2.90 d brd(16.5> 3.10 (0.20) 2.29
H-2b 2.53 d brdM6.5) 3.10 10.57) 1.43
K-3a 5.52 ■ brd 5.58 10.06) 6.21 obft
8-3 2.85 d brd(9.5) 3.20 10.35) 3.62 ft brd 2.22 d brd(II.O)
8-6 3.87 ddClO.5. 9.5) 4.05 10.17) 3.64 d brd(6.2) 4.13 1(11.0)
8-7 3.45 dddd(10.5. 10.0.3.5. 3.0) 3.65 10.20) 3.48 ft 2.89 ddddC11.0,11.0,3.0,3.0)
8-8 5.31 ddOO.O. 9.3) 5.20 10.11) 5.29 m 5.29 dddlll.0,11.0,4.0)
8-9a 5.65 d(9.3) 5.63 {0.021 5.63 d obft 2.54 dd<13.0,4.0)
8-9b 2.02 ob«
H-I3a 6.22 d(3.5) 6.31 10.09) 6.19 d(3.0) 6.12 d(3.0>
8-l3b 5.67 d(3.0) 5.76 10.09) 5.60 d'2.5> 5.54 d(3.0)
B-I4a 5.41 m brd 5.70 (0.29)
8-Ub 5.29 ■ brd 5.56 (0.27)
3fl-1« 2.26 ft 0.89 •
H-15a 5.01 ■ brd
H-15b * 4.88 • brd
38-15 1.86 • brd 1.90 (0.04) 2.32 ft brd
CMfCO 2.03 ■ 2.04 (0.01) 2.13 ft
8-3- 3.08 q(5.5> 3.10 (0.02) 3.11 q(5.7) 6.17 ■ brd
Ha-C2* 1.57 • 1.54 (0.03) 1.57 ft 1.88 q
IW-C3* 1.35 d*5.5> 1.37 (0.02) 1.41 d(5.7) 1.99 dq
I Itultiplete are given by tha uaual ayabola: a* elngl.t, d* doublet. t« 
triplet, q- quartet, a* aultiplet. brd. broadened. oba« obeeured by
other algnala. Chemical ahl(ts are recorded In ppa relative to Tns.
Coupling conetante !J) or line aeperatlena In Hx are given In
perentheate. I Puebere In brackete are *4« iill-lili.
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The two one-proton singlets at 25.41 and 25.29 are
typical of an exocyclic methylene group. These signals
sharpened upon irradiation of H-9 which indicated allylic 
coupling. When the vinyl proton signal at 25.52 was irradi­
ated, the signals at 22.90 and 22.53 resolved into sharp­
ened doublets. Furthermore, the three-proton singlet at
21.86 also sharpened indicating allylic coupling between 
this methyl group and the vinyl proton. The absence of fur­
ther couplings, other than the geminal coupling ( J = 16.5 
Hz) for the signals at 22.90 and 22.53, suggested that this 
methylene group is placed next to a quaternary carbon. 
Since an IR band at 3410 cm-1 indicated the presence of 
hydroxyl group(s), it could be attached to C-1. This was 
further confirmed by in situ preparation of the trichlo- 
roacetylcarbamate derivative (38). The appearance of a 
one-proton signal at 28.5 in the ‘H-NMR spectrum (Figure 
1-14) was evidence for the formation of 38, indicating the
presence of one hydroxyl group in 37. The chemical shift
difference from the doublet at 22.53 in 37 to 23.10 in
38 (A2=0.57) was in agreement with an expected 6-effect.84
In addition, H-5 shifted from 22.85 in 37 to 23.20 in
38 (A2=0.35) which not only shows a j3-effect of the carba­
mate group on this proton, but, since H-5 had already been 
assigned an a-orientation from its large coupling constant 
with H-6 , it also indicated that the OH group should have 
the same oc-orientation. An opposite orientation of the C-1
"hr,
Ri*-OEpoxyang, R,— OAc, 
Rt. -O-CO-HH-CO-CCl,
e
UuW'
Figure 1-14.*H NMR spectrum of carbamate'(38) (200 MHz in CDC1»).
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oxygen moiety would not have allowed the observed large 
effect of the carbamate moiety upon H-5. This established 
the skeletal arrangement and stereochemistry of skutchiol- 
ide A as shown in structure 37, exclusive of the site of 
attachment of the two ester groups.
The attachment of the epoxyangelate and acetate moie­
ties to C-8 and C-9 or vice versa was not resolved, but a 
tentative structure will be proposed below in the discus­
sion of skutchiolide B (39).
Skutchiolide B (39), CzzH2408» was a gum, with an IR
band at 1760 cm-1 indicating a 7-lactone fragment, which 
was confirmed by disgnostic *H NMR signals: two one-proton
doublets at S6.19 (H-13a) and S5.60 (H-13b) which were 
coupled to the multiplet at S3.48 (H-7) (Figure 1-15). Two 
additional IR bands appeared at 1715cm-1 and 1700cm-1 which 
suggested the presence of two ester groups. The identities 
of these ester side chains were established as acetate and 
epoxyangelate groups by comparison of their spectral data 
with those of lactone 37. Double resonance decoupling 
experiments allowed the assignment of the remaining !H NMR 
signals (Table 1-5).
The presence of two three-proton singlets at 82.32 and 
S2.26 suggested two methyl groups attached to the /3-carbons 
on an a,/3- unsaturated carbonyl moiety. Furthermore, lac­
tone 39 exhibited IR bands at .1670, 1650 and 1620 cm-1,
absorptions that are typical of fragment B which is found 
in. other guaianolides. 87,88
R«"-OEpoxy»ng, Rj“-OAc
5 46 37 2 I
Figure NMR spectrum of skutchiolide B (39) (200 MHz in CDC13).
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B
Irradiation of the signal at 86.21, which was assigned 
to H-3, caused sharpening of the methyl singlet at 82.32 
indicating allylic coupling. Saturation of the H-7 signal 
affected, in addition to collapsing the signals for H-13a 
and H-13b, the signals at 83.64 and 85.29. Based on the 
chemical shifts, the absorption at 83.64 was assigned to 
the lactonic proton. When the signal at 85.29 was irradi­
ated the only changes observed were simplification of the 
H-7 multiplet and collapse of the obscured doublet at 85.63 
into a singlet. The lactonic proton was coupled to H-7 as 
well as to a signal at 83.62, which was assigned to the 
allylic proton H-5. Comparison of the spectral characteris­
tics of skutchiolide B with those of pumilin- (42), 86 
which has an additional a-hydroxyl group at C-5, it was 
concluded that the basic guaianolide skeleton of skutchiol­
ide B is that sketched in 39.
The location of the ester substituents, acetate and 
epoxyangelate, are tentatively assigned by comparison of 
the *H NMR spectral data with those of berlandin (43) and 
acetylsubacaulin (44). 8B,B7 The X-ray stucture of berlan-
X
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>QAng
HO
42
OAc
’/u"
43
W //O A C '/ / /O A c
din showed that the acetate substituent is attached to C-9 
and the angelate to C-8. Acetylsubacaulin has the opposite 
arrangement. Comparison of the chemical shifts of H-8 and 
H-9 of lactones 37 and 39 with those of berlandin and 
acetylsubacaulin showed that they were more similar to 
those of berlandin [55.21(H-8) and 5 59CH-9)] than the
respective acetylsubacaulin absorptions [5.14(H-8) and 
55.62(H-9)]. Furthermore, 17,18-epoxy-5-desoxypumi1in-8-0- 
acetate (45) has the same substitution pattern as 37 and 39 
but in the alternate arrangement of substituents.58 The *H 
NMR spectrum of 45 differs significantly from those of 
skutchiolide A and B. Therefore the assignment of the ester 
substituents in these two compounds is tentatively proposed 
as shown by the respective stereostructures 37 and 39.
Chapinolin (40) CzoH260s, was a gum with IR spectral 
bands at 1760 and 1715 cm-1, indicating the presence of a 
7-lactone and an ester group. The presence of the 7-lactone 
group was confirmed by the appearance of typical downfield 
doublets in the *H NMR spectrum (Figure 1-16) at 56.12 
(H-13a) and 55.54 (H-13b) and a multiplet at 52.89 (H-7). 
The ester was identified as an angelate group based on a 
typical mass spectral pattern with a base peak at m/z 83 
and another strong peak at m/z 55. The *H NMR signals with 
a multiplet at 56.17 (H-3'), a three-proton quartet at
51.88 and a three-proton doublet of a quartet at 51.99, 
were also characteristic of this ester group.
HO
Vl... ■ >
T“
6r T5
Figure 1-16.XH NMR spectrum of Chapinolin (40) (200 MHz in CDC13).
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A three-proton singlet at SO.89 was an indication of 
the presence of an angular methyl group, which suggested 
the possibility of a eudesmanolide skeleton for chapinolin. 
The rest of the signals in the 1H NMR spectrum were 
assigned by extensive multiple decoupling experiments, the 
assignments being shown in Table 1-5.
Irradiation of the signal at S2.89 (H-7) collapsed the 
triplet at S4.13 to a doublet, and the doublet of a doublet 
of a doublet at S5.29 changed to a doublet of a doublet. 
The signal at 54.13 was asigned to the lactonic proton on 
the basis of its chemical shift. The signal at 55.29 was 
assigned to the proton on the carbon bearing the ester sub­
stituent. Saturation of the signal at 54.13 affected H-7
* •
and the signal at 52.22 which collapsed to a singlet. The 
above mentioned observations allowed to establish the fol­
lowing assignments: 52.22 H-5a, 54.13 H-6/3, 52.89 H-7a and
55.29 H-8£. The magnitude of the coupling constants
< Js»6= ^6 »7=» J7,e=11.0 Hz) was in full agreement with 
a trans disposition between H-5 and H-6, H-6 and H-7, and
H-7 and H-8. Considering that in plant-derived lactones 
H-7 is a oriented, H-5 should also be « and H-6 and H-8 be
6-oriented.
The two broadened one-proton singlets at 55.01 and
54.88 sharpened upon irradiation of H-5, indicating allylic 
coupling of this proton with those of the exocyclic methy­
lene (H-15a and H-15b). The signal at 53.22, a doublet of a
doublet, should be the proton at the carbon bearing the OH 
group as indicated by the chemical shift. From its mul­
tiplicity, it it was derived that it was coupled to two 
more protons. The only position that allows for this 
arrangement is at C-1. Based on the magnitude of the 
coupling constants, J t ,2% =11.0 and Jt ,2 b =5.0, the
orientation of H-1 should be a, since for a 0-orientation 
similar coupling constant for J t ,2 m and Jj ,2 b should be 
expected due to H-1 bisecting the H2a-C(2)-H2b plane.
All spectral information discussed above as well as 
comparison of the XH NMR spectral data with that of 1a- 
hydroxy-8a-(2-hydroxymethylacryloyloxy)alantolactone,89 
which only differs in the substituent at C-8 and the stei—  
eochemistry at C-1, support stereostructure 40 for chapino- 
lin.
1.2.3 Chemical Analysis of Podachaenium eminens
Interest in studying the constituents of Podachaenium 
emlnens was increased by the fact that the terpenoid 
extract exhibited molluscicidal activity against the snails 
of Biomphalaria glabrata with an LCioo of 50 ppm in 24 
hours (see following chapter).
Chemical analysis of the crude terpenoid extract of P. 
eminens (collection Urbatch No. 3346 from the state of 
Morelos, Mexico) provided three lactonic constituents,
Ac O'"
OHm u
OH
Figure 1-17. Sesquiterpene lactones isolated from P. eminens
which were found to be identical with the sesquiterpene 
lactones 7oc-hydroxy-3-desoxyzaluzanin C (28) and 11,13- 
dihydro-7,11-dehydro-13-hydroxy-3-desoxyzaluzanin C (30), 
previously described by Bohlmann and Le Van.48 The third 
constituent was shown to be zaluzanin C acetate (25).60 The 
structure of the compounds isolated are shown in Figure 
1-17.
Dried aerial parts of P. eminens were extracted and 
worked up according to the procedure previously 
described.63 The ‘H NMR spectra of the crude terpenoid 
extract in shown in Figure 1-18. Chromatographic procedures 
applied to the terpenoid extract yielded the lactones men­
tioned above. The identity of the three lactones was 
established by comparison of their *H NMR spectra with the 
data reported in the literature48,60. l3C NMR data of the 
compounds (Table 1-6) further confirmed the previous struc­
tural assignments.
Furthermore, the structure and relative stereochemis­
try of 28 was confirmed by single crystal X-ray diffrac­
tion analysis. The stereoscopic representation of this 
structure is shown in Figure 1-19.
Figure 1 - 1 8 . NMR spectrum of the crude terpenoid extract of P. eminens.
Table 1-6. »»C NMR datat of compounds 25, 28 and 30 (50 MHz In CDCl,).
Carbon 25 28 30
C-1 45.04 d 46.14 d 48.63 d
C-2 34.33 t 32.86 t 29.41 t
C-3 83.57 d 36.21 t 30.69 t
C-4 147.56 s 150.38 s 149.02 s
C-5 44.32 d 45.90 d 51.13 d
C-6 74.43 d 87.89 d 81.19 d
C-7 49.99 d 75.71 s 149.55 s
C-8 30.39 t 30.03 t 28.81 t
C-9 36.19 t 34.10 t 30.42 t
C-10 139.36 s 142.74 s 148.83 s
C-11 147.93 s 151.79 s 125.30 s
C-12 170.45 s 169.94 s 165.71 s
C-13 120.00 t 122.75 t 54.75 t
C— 14 114.22 t 111.54 t 113.28 t
C— 15 114.07 t 108.79 t 112.33 t
C— 16 169.95 s ----- -----
C— 17 20.95 g --- —
tChemlcal shifts given in 8 (ppm) relative to TM5. S= singlet.
d> doublet, t= triplet , q= quartet •
off-resonance
C-15
C-13 C-1
C-8
C - 1 4
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Figure 1-19. 13C NMR spectrum of 7oc-hydroxy-3-desoxyzaluzanin C C28)
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Figure 1-20. Stereoscopic representation of the 
7a-hydroxy-3-desoxyzaluzanin C molecule (28).
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Figure 1-21.**C NMR spectrum of zaluzanin C acetate (25).
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Figure 1-22. **C NHR spectrum of 11,13-dihydro-7,11-dehydro-13-hydroxy-3-deaoxyzaluzanln C (30).
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1.3 Biochemical Systematic Conclusions.
Calea deltophyl la contains one chromene (31), a benzo- 
furan (32), a seneciophenone (33) and two sesquiterpene 
lactones, which were a germacranolide (34) and a guaiano- 
lide (35). C. Jamaicensis, the type species for the genus 
Calea, contains a chromene, two flavones and three sesqui­
terpene lactones, namely two guaianolides and a hydroxyhe- 
liangine derivative.21 The presence of the guaianolide, the 
germacranolide and the aromatic compounds in C. delto­
phylla seems to be consistent with the structural types of 
compounds found in C. Jamaicensis, C. solidaginea, C. 
berteriana, and C. prunifolia.14,1B, 21 Although a number
of other Calea species that have been chemically investi­
gated do not contain guaianolides,12-47 (Table 1-2) the 
affinity of C. deltophylla with C. Jamaicensis appears to 
be strongly supported by the chemical data.
The chemical pattern of the population of Podachaenium 
eminens from Mexico does not significantly differ from that 
of P. eminens from Guatemala. The presence of the uncommon 
7a- hydroxyguaianolide (28) in both populations indicates 
considerable populational stability in a wide distribu­
tional range of this species.
Squamopappus skutchii yielded two guaianolides, (37) 
and (39), and a eudesmanolide (40). These lactones, pai—  
ticularly the guaianolides, are distinctly different in 
their substitution pattern from those found
56
in Podachaenium and Calea species. The main difference 
resides in the presence of substituents at C-8 and C-9 
which are not present in the other two genera. This type of 
pattern found in Squamopappus has been found in guaiano­
lides isolated.from Berlandiera species*®-87 of the sub­
tribe Engelmanninae,2 in two species of Montanoa 87a in 
the subtribe Montanoinae, B7<» and more recently 
in Balsamorhiza sagittataae from the Ecliptinae.*21
Based on the presently available chemical information, 
removal of S. skutchii from Calea and Podachaenium is jus­
tified. The similarities in the chemistry of S. skut­
chii with that of B. sagittata support the placement 
of S. skutchii as a new monotypic genus in the subtribe 
Ecliptinnae, as proposed by Jansen et al.4
1.4 EXPERIMENTAL.
1.4.1 Instrumentation.
The following instruments and conditions were used in 
obtaining the various data throughout this dissertation, 
unless otherwise specifically indicated:
NMR: Bruker UP 200 Fourier Transform NMR 
Spectrometer; ambient temperature;
TMS as internal standard.
MS: Hewlett Packard 5895 GCMS at 70 eV;
source temperature 200°C; probe injection.
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CD: Jasco J-5000 Spectropolarimeter; 
methanol as solvent.
IR: Perkin Elmer 621 Infrarred Spectrophotometer; 
chloroform as solvent.
MP: Thomas Hoover Capillary Melting Point Apparatus; 
melting points are uncorrected.
1.4.2 Isolation and physical data of Compounds from Calea 
deltophylla, Squamopappus skutchii and Podachaenium emi­
nens.
Calea deltophylla Cowan was collected on December 19, 
1979 in Villa Lola, Venezuela (Pruski and Steyermark 
No.1457; voucher deposited at LSU, U.S.A.). The ail— dried 
plant material (867 g) was extracted and worked up as pre­
viously described,53 providing 2.87 g of syrup. Thi3 crude 
terpenoid extract was chromatographed on a silica gel col­
umn with chloroform-acetone mixtures of increasing polarity 
providing fifty fractions of 125 ml each. Fraction 15 (85 
mg) was rechromatographed by preparative TLC using a chlo­
roform-acetone mixture (95:5), providing 45 mg of agera- 
tochromene (31) and 23 mg of 3-methoxy-4- hydroxysenecio- 
phenone (33). Fraction 22 (53 mg) was purified by
preparative TLC with dichloromethane-acetone (4:1) yielding 
30 mg of eupatarone (32) and 12 mg of deltophyl- 
lin (35). Preparative TLC on fractions 23-24 (60 mg)
afforded 15 mg of caldeltophyllide (34).
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Squamopappus skutchii (S.F. Blake) R. Jansen,
N. Harriman and L. Urbatsch, was collected on January 11, 
1977 in Totonicapan, Guatemala (L. Urbatsch, No. 3022, 
voucher deposited at LSU, U.S.A.). The air— dried ground 
material (1.1 Kg) was extracted and worked up as previously 
described53, providing 2.1 g of crude terpenoid extract. 
Flash column chromatography of the crude syrup with chloro- 
form-ethyl acetate (7:3) provided 25 fraction of 100 ml 
each. Fractions 9-10 (250 mg) were rechromatographed on a 
silica gel column using chloroform-acetone mixtures of 
increasing polarity. Twenty 50 ml fractions were collected. 
Fractions 5-6 were purified by preparative TLC providing 
7mg of skutchiolide A (37) and 1Img of skutchiolide B
(39). Fraction 7, after separation on preparative TLC, 
yielded 8mg of chapinolin (40).
Squamoppapus skutchii was collected on January 12, 
1977 in Quetzaltenango, Guatemala (L. Urbatsch, No. 3023, 
voucher deposited at LSU,U.S.A.). The air— dried plant 
material (770 g) was ground and extracted and worked up in 
the fashion described previously53, providing 1.7 g of 
crude extract. Column chromathography of the crude terpe­
noid syrup with chloroform-acetone mixtures of increasing 
polarity furnished thirtyfive fractions of 100 ml each. 
Fractions 20 to 22 (570 mg) were combined and rechroraato- 
graphed on a silica gel column with petroleum ether— chloro­
form and chloroform-acetone mixtures of increasing polar—
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ity. Seventyfive fractions of 25 ml each were collected.
Fractions 10-16 (125mg) were combined and purified by pre­
parative TLC using a mixture of diethyl ethei— petroleum 
ether (2:3), providing 60 mg of /3-eudesmol (41). Frac­
tions 31-34 (53 mg) were combined and further separated by 
preparative TLC using a mixture of chloroform-acetone 
(97:3), yielding 7 mg of chapinolin (40). The combined 
fractions 41-53 (78 mg), after being further purified by 
preparative TLC, furnished 12 mg of 37 and 8 mg of 39.
Podachaenium eminens (Lagasca) Shultz-Bip. was col­
lected on 1 August, 1978 in the state of Morelos, Mexico 
(Urbatsch No. 3346; voucher deposited at LSU, U.S.A.). The 
ail— dried plant material (504 g) was extracted and worked 
up as previously described,53 providing 2.83 g of syrup. 
This crude terpenoid extract was chromatographed on a sil­
ica gel column with chloroform-acetone mixtures of increas­
ing polarity providing 65 fractions of 25 ml each. Frac­
tions 19-25 yielded 280 mg of 28, fractions 29-35 
provided 63 mg of zaluzanin C acetate (25) and fractions 
37-43 gave 45 mg of 30.
7 a-hydroxy-3-desoxyzaluzanin C (28). CibHibOs , MW 
246.2, mp 132-133° [Lit.*8: 128°]; CD (c 1.35x10-*, MeOH): 
[0]z 6b = +2.OX10 2, [0}z 3 s = +2.11X 10 2.
/3-hydroxy-11,13-dihydro-7,11-dehydro-3-desoxyzaluzanin 
C (30). CjbHibOs, gum, CD (c 1.14X10"*, MeOH): [Oj23i=
— 1.03x103; ir, v (film): 3445 (br, OH), 3010
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(C=CH2), 1740 (7-lactone); EIMS, m/z (rel. int.) 246
(4.4, M+ ) , 228 (43.6, M+- H20) , 218 (14.7, M+- CO).
. 3-methoxy-4-hydroxyseneoiophenone (33). Ci2HiA03,
oil; IR v max< CHCla) cm-1: 3460 (OH), 1670 (C=0), 1630
and 850 (C=C). EIMS m/z (rel. int): 208 [M+2]+ (0.1), 207 
[M+1]+ (1.6), 206 [M] + (11.5), 192(9.6), 191 [M-CH3]+
(100.0), 151 [M-C4H7]+ (18.1), 135 [M-CH3-C4H7]+ (4.9),
107(8.1), 83(6.3), 79(6.5), 55(11.5). NMR & CDC13 [C6D6] 
(J in Hz): H-2 57.22d[7.17] (J2 ,6=2.8 Hz), H-5 S6.91[6.96]
d(J5,6=9.0 Hz), H-6 S7.07[6.78] dd(Js,6=9.0 Hz, J2 t6=Z.S 
Hz), H-8 S6.72[6.44] m brd(J=1.6 Hz), 3H-10 82.21[1.9] s 
brd, 3H-11 S2.04[1.48] d(J=1. 6 Hz), 3H-12 S3.79[3.28] s.
Caldsltophyl1ide (34). Ci7H20Ob, gum; IR v max(CHCl3) 
cm-1: 1770 (7-lactone), 1730(ester), 1695(conjugated C=0),
1645(C=C). EIMS m/z (rel. int.): 306[M+2]+(2.4),
305[M+1]+(6.0), 304[M]+(13.3), 262[M-CH2C0]+(55.7),
244[M-AcOH]+(44.8), 216[M-AcOH-CO]+(32.7), 200(23.6),
43[CH2C0]+(100.0).
Deltophyl1 in (35). C20H26Ob, gum; IR v max(CHCl3)
cm-*: 3850 and 3500 (OH), 1760(7“lactone), 1705(ester),
1650<C=C). EIMS m/z (rel. int.): 348 [M+2]* (0.6), 347
[M+1]+ (1.6), 346 [M]+ (6.7), 263 [M-AJ]+ (0.6), 246
[M-Ax-A2]+ (37.8), 228 [M-Ai-Az-HzO]+ (3.2), 183(3.8),
159(5.3), 119(13.6), 109(18.1), 83(100.0), 77(6.2),
55(20.4).
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Skutchiolide A (37). C22H2608, gum; IR v max(CHCl3) 
cm-1: 3410 (OH), 1770 (7-lactone), 1720 and 1710 (ester)
1630 (C=C). CIMS m/z (rel. int.) 420 [M+2]+ (0.4), 419 
[ M+1 ] + (0.8), 418 [M] + (0.2), 401 [(M+ 1)- H20] + (0.3), 358 
[M- AcOH]♦ (2.0), 340 [M- AcOH- H20]+ (0.6), 340 [M- A1]*
(0.6), 302 [M- A2 ] + (0.8), 284 [M- A2- H20]+ (1.7), 242 [M- 
A2 -H20- CH2C0]+ (33.9), 225 [M- A2- H20- CHzC0- HO] +
(12.0), 214 (14.3), 199 (12.2), 185 (11.5), 169 (12.1), 147 
(16.7), 116 [A1]+ (22.3), 83 [A2] + (14.2), 55 [A3]* (11.8), 
43 [CH2C0]+ (100.0).
Skutchiolide B (39). C22H2408, gum; IR v max(CHC13)
cm-1: 1760 (7-lactone), 1720 (ester), 1715(ester), 1670,
1650, and 1620 (fragment B). EIMS m/z (rel. int.): 418
[M+ 2]* (0.2), 417 [M+ 1]+ (0.6), 416 [M]* (2.2), 374 [M-
CH2C0]+ (0.6), 356 [M- AcOH]+ (0.7), 317 [M- A*]+ (0.4),
300 [M- A2]+ (5.1), 275 [M- CH2C0- A»]+ (5.3), 258 [M- A2-
CH2C0]+ (45.0), 241 [M- A2- AcOH]* (100.0), 229 (5.4), 213
(6.5), 185 (8.5), 161 (7.2), 135 (6.6), 116 [A1]♦ (23.5),
83 [A2]+ (16.6), 55 [A3]+ (9.3), 43 [CH2C0]+ (76.3).
Chapinolin (40). C2oH2608, gum; IR v max(CHCl3)
cm-1: 3400(OH), 1760 (7-lactone), 1765 (ester), 1635
(C=C). EIMS m/z (rel. int.): 348 [M+ 2]+ (0.5), 347 [M+ 
1]+ (0.5), 346 [M]+ (1.6), 246 [M-B*]+ (14.4), 228 [M- B1-
H20]+ (33.3), 213 [M- B l- H20- CH3]+ (19.2), 202 (25.3),
185 (10.5), 157 (15.5), 145 (13.0), 131 (16.0), 119 (15.8), 
109 (19.1), 107 (15.6), 105 (19.9), 91 (24.2), 83 [B2]+
(100.0), 55 [B3]+ (48.7).
CHAPTER 2 
THE CHEMISTRY OF MOLLUSCICIDAL 
SESQUITERPENE LACTONES.
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2.1 INTRODUCTION.
Schistosomiasis (Bilharzia) is one of the most impoi—  
tant parasitic diseases of man and animals in tropical and 
subtropical regions. It is endemic throughout South Amei—  
ica, Africa and the Far East, affecting more than 200 mil­
lion people in over 70 countries.61 The three main species 
of trematodes which infest man are Schistosoma haematobium, 
S. mansoni and S. Japonicum. Infection is caused by cerca- 
ria, liberated from an invertebrate host, snails of the 
genus Blomphalaria for S. mansoni, Bulinus for S. hae­
matobium and Oncomelia for S. Japonicum, penetrating 
the skin and mainly affecting the urino-genitary system 
(Figure 2-1).
Schistosome 
( ? ♦ rf I
Mirocidium
Cercorio Snail (host)
Figure 2-1.- Life cycle of Schistosoma species.
Although chemotherapy is one of the most valuable 
methods in the cure of schistosomiasis, there is a present 
need for more selective and efficient molluscicides for the 
control of the snail vector.62 There are presently several 
compounds and formulations available for this purpose, but 
they have a tendency to exhibit biocidal activity,63 
affecting many of the plants and animals in the snail habi­
tat. This, along with the rising cost of chemotherapy and 
molluscicides of synthetic origin, has been the impetus to 
search for molluscicides of plant origin.
The first report on the use of a plant for the control 
of schistosomiasis was made in 1933 by Archibald.64 He 
observed that the fruits of Balanites aegyptiaca (Balani-
i
taceae), used in Sudan as a medicinal remedy and as a fish 
poison, also killed Bulinus snails and cercaria of Schis­
tosoma. Since then an increasing number of plants and 
plant-derived natural products have been tested for their 
molluscicidal activity. A brief review of the various 
structural types of known molluscicidal natural products of 
plant origin is given below.t
tThe recommended expression of molluscicidal.activity is as 
lethal concentration, LC, indicating .with a subindex the 
percentage of snails killed at the given concentration, 
followed by the time required for the killing of the snails 
in parenthesis (e.g. 100J5 of snails killed in 24 hrs,
LC» oo(24 hrs)).
65
2.1.1 Alkyl Salicylic Acids.
Alkyl salicylic acids such as anacardic acid (45), 
isolated from a cashew nut shell extract (Anacardiurn occi- 
dentalis), were highly toxic to snails of B. glabrata at a 
concentration of 0.35 ppm. 65
2.1.2 Naphthoquinones.
Diospyros usambarensis, which is used in Malawi as a 
traditional schistosomiasis cure, also exhibits strong mol­
luscicidal activity. Extraction of the root bark yielded
7-methyljuglone (46) which was toxic to Biomphalaria 
snails at concentrations as low as 5 ppm. Other naphtoqui- 
nones such as plumbagin (47) and vitamin K3 (48) were also 
active and killed the snails at concentrations of 2 and 3 
ppm, respectively.66
2.1.3 Flavonoids.
Among the different flavonoids tested for molluscici­
dal activity the most active has been quercetin-3-(2"- gal- 
loylglucoside) (49), which was isolated from Poligonum 
senegalese. It exhibited an LCioo of 10 ppm within 12 hours 
against three species of snails, Lymnea natalensis, Biom­
phalaria pfeifferi and B. glabratus. 67
2.1.4 Furanocoumarins.
This type of compounds exhibits strong snail-killing 
properties. Bergapten (50) and isopimpinellin (51) from 
Citrus bergamln, have an LCioo at 5ppm and LC6s at 5ppm,
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respectively, against B. hoissi. 68 The prenylated com­
pound cholepemsin (52) gives an LCioo at 2ppm against 
Astralobis glabratus snails.69 Unfortunately the above 
three compounds are strongly phototoxic, which excludes 
them from being used as mollucicides.
Aflatoxin Gi (53), isolated from Aspergillus parasiti­
cus, shows an LCioo of 0.5ppm against B. glabrata, but it 
is a well known carcinogen.70
2.1.5 Saponins.
Triterpenoid and spirostanol saponins exhibit high 
molluscicidal activity.' These glycosides are widespread in 
nature and generally watersoluble. Of particular interest 
is Phytolacca dodecandra (ethiopian endod), which con­
tains a mixture of saponins formed of oleanolic acid and 
its derivatives and of various glycoside chains.
The most active compound from the extracts of the bei—  
ries of this tree is lemmatoxin (54). It exhibits an LCi00 
of 1.5ppra in 24 hours against Biomphalaria glabrata 
snails.71 From the berries of common ivy, Hedera helix 
(Araliaceae), several hederagenin derivatives were found to 
have high activity against B. glabrata snails with an LCioo 
in 24 hours of 3ppra, 15ppm, 8ppm, and 12ppm for compounds 
55, 56, 57 and 58, respectively.72,73
From Lonicera nigra, L. (Caprifoliaceae) the most 
active compound was found to be the saponin (59) with an 
LCioo of 2ppm in 24 hours against the same snail.74
54 CH3 GIc-4GIc3-G q I
C H 20H Ara- 
56 CH^OH Glc-
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57
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c h 2o h
CH,22 ^ '13
CH,
2
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Glc-^Ara
GluA-
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Glc-GIc- 
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Rha
Glc-GIc-
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Spirostanol sapogenins which are glycoside derivatives 
of yamogenin and exhibit high molluscicidal activity have 
been isolated from Balanites aegiptica Del (Balanitaceae). 
Solutions of 5-10ppm of balanitin-1 (60), balanitin-2 
(61), and balanitin-3 (62) kill B. glabrata snails within 
24 hours. 78
The sarsapogenin derivatives isolated from Cornus flo- 
rida L. (Carnaceae) (63) and (64) show an LCioo of 6ppm and 
12ppm, respectively against the snails of B. glabrata. 76 
Compounds 65, 66 and 67, isolated from Asparagus curil-
lus, show the respective LCioo values of 20ppm, 5ppm, and 
5ppm against the same snail.77
2.1.6 Sesquiterpenoids.
From the bark of the east African plant Narburgia 
ugandensis (Canellaceae), which is widely used in folk 
medicine, warburganal (68) and other related sesquitei—  
penes (69-73) were isolated. Warburganal and muzigadial
(69) exhibit molluscicidal activity against the snails of 
Biomphalaria glabrata and B. pfeifferi with LCioo of 
5ppm in 24 hours. The other sesquiterpenoids, polygadial
(70), ugandensidial (71), cinnamolide (72) and bemo- 
dienolide (73) do not give any significant molluscicidal 
effects.7 8
A related compound, mukaadial (72), which was isolated 
from the bark of W. stuhlmannii, showed molluscicidal 
activity against B. glabrata with an LCSo of 20ppm within 
24 hours.7 9
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2.1.7 Sesquiterpene lactones.
The use of sesquiterpene lactones as chemoprophylactic 
agents in schistosomiasis was first reported by Baker 
at.al. 80 Their study involved animal protection against 
infection by cercaria of Schistosoma mansoni by the appli­
cation of the wood oils of the trees of Eremanthus elaeag- 
nus. They found that extracts which contained sesquiterpene 
lactones with an a-methylene-7-lactone group such as ere- 
manthine (75) a-cyclocostunolide (76), and costunolide 
(77) prevented skin penetration of the cercaria. In con­
trast, compounds which lacked the exocyclic methylene 
moiety, such as 11,13rdihydro-/8-cyclocostunolide (78), 
did not exhibit any significant activity. This difference 
in activity led to the proposal that the methylene lactone 
function is responsible for the effect. Kupchan at. al. had 
previously shown that the methylene group was an essential 
functionality for the antitumor activity of a number of 
sesquiterpene lactones.81 This has been attributed to the 
ability of the oc,/S-unsaturated lactone to add to reactive 
nucleophiles such as free thiol groups in certain enzymes.
These observations prompted the search for sesquiter—  
pene lactones from plant sources that could be used in the 
control of the snail vector. El-Amam first reported the 
molluscicidal activity of the pseudoguaianolides damsin 
(79) and ambrosin (80) isolated from the Egyptian rag­
weed Ambrosia maritima L. The activity of the above two
72
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compounds against the snails of Biomphalaria alexan- 
drina were found to be LC90 of 9.7ppm and 10.9ppm, respec­
tively. 8 2
Towers and co-workers tested ten sesquiterpene lac­
tones against B. havanensis Pfeiffer.83 They found that 
helenalin (81) was most toxic with an LCioo of 10 ppm fol­
lowed by pyrethrosin (82) with an LCioo of 15ppm. Coronopi- 
lin (83) showed low toxicity with LCio of lOOppm, and 
parthenin (84) slightly higher with LC«>o at 100ppm. Mil- 
lefin (85), bipinnatin (86), ivalin (87), ivasperin (88), 
and cnicin (89) did not exhibit any significant activity 
against B. havanensis .
2.2 Results and Discussion.
A series of thirty extracts of plants from the Compos- 
itae family were tested for their molluscicidal activity 
against Biomphalaria glabrata snails. These terpenoid 
extracts were obtained by a procedure previously 
described.83 In the case of a Texas population of Ambrosia 
confartiflora the plant material was first extracted with 
dichloromethane and the remaining material re-extracted 
with methanol, providing two extracts of different polai—  
ity. The test results of exposure of B. glabrata snails to 
the terpenoid plant extracts are summarized in Table 2-1.
It can clearly be seen from the table, that the most 
active of the extracts is that from Podachaenium eminens 
with an LCioo o£ 50ppm in 24 hrs and 25ppm in 48 hrs. Che-
TibU 2*1* HelluMleldal activity of tarpanold •Mtrictt of plant* fro* tha Co*po*lta* faaliy.
Plant Call action pl*ca LCm(24 hralta
Amt+onls confor11 tlors Larado. Haxleo 200
A, confvrtittors Nuavo Laon, Naxleo 100. SOUS hra)
A* eonfvrtlflorsl Taxaa. U.S.A. 100
At confcrtl/for** Taxaa. U.S.A. 400
A. tttfltto Baton Kouga, Loulalana 400
Itrfrtwfirr* Jyair* Alplna. Taxaa NA
IK fvjal to San Aguatln. Taxaa 400. 200(48 hra)
IK tt'xan* Baatrop Co.a Taxaa 400* 200(48 hra)
flvritiftj* (rutvnaiB Crand Iala, toulolana NA
C.itoJ primtfolis Portuguaaa, Vanasuala 200
Ct tfrntlolta vartCalyculata Nuavo Laon. Ffaxlco NA
C. tntm foils vsr,*ocst0chichi Chlapaa. Haxleo NA
Ct urt let foils Cartago. Coat* Klea NA
Clrmltm tmxsnum Dripping Spring*. Taxaa NA
Cltiltsdtum sm/»/rum Zala Pachta, Panaaa NA
Ct pi lonlcxm Cocla. Panaaa NA
fy* m.nnibodlum frut icoaum Cuarraro. ftaxlco 400
fvitcY'pl* smplsnlesulis Baton Kouga. Loulalana NA
lb* Ion turn smart** Padarnalaa Klvar.Taxaa 400
lb'tvroth*\'s nil's*I llttrlm Crand Iala. Loulalana NA
fr’loajtoiitum smmctwim Varacrux. Haxleo 400. 200(48 hra)
W, ctn'V'itm Kabronvllla. Taxaa 400. 200(48 hra)
Ht divst test urn Chlapaa. Haxleo NA
II. f /.K'll/l OM Coat* Rica NA
H. Intcsnthum Pacoa Rlvar. Taxaa 400
H. t+itrjnthtm Valvarda. Taxaa NA
/'.«f.v/i«xvilu* anjnm* Horeloe. Haxlco SO. 25(48 hra)
Tfir^jotn.uhocs ropanda Palfurrlaa. Taxaa NA
1, i Taaaulipaa. Haxleo NA
7. (CXrHl.l Taxaa. U.S.A. NA
fLC|«« valuaa *ra 9lvan in part* par sllllon (ppa). 
tdlchlore**th*n* extract.
•Kathanol extract.
•NA» No Activity.
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mical analysis of P. eminens, described in the previous 
chapter, provided four sesquiterpene lactones of the guaia- 
nolide type: 7a-hydroxy-3-desoxyzaluzanin C (28), zalu­
zanin C acetate (25), dehydrocostuslactone (24) and 11,13- 
dihydro-7,11-dehydro-13-hydroxy-3-desoxyzaluzanin C (30). 
Other active extracts were those of Ambrosia confertiflora 
from Nuevo Leon, Mexico and the dichloromethane extract of 
the same species from a Texas population with LCioo of 
lOOppm in 24 hrs. The major constituents of A. conferti- 
flora from Texas are the pseudoguaianolides confertiflorin 
(90) and desacetylconfertiflorin (91). 84
Since previous observations on the biological activity 
of sesquiterpene lactones (see following chapter) indicated 
that a ,|3—unsaturated carbonyl groups may increase their 
activity, . chemical modifications on confertiflorin were 
performed.
Treatment of confertiflorin with p-toluensulfonic 
acid88 provided desacetylconfertiflorin (91) and allodesa- 
cetylconfertiflorin (92) (Scheme 2-1) in an 11:9 ratio. 
The identity of allodesacetylconfertiflorin was established 
by comparison of its ‘H NMR spectrum with the data reported 
in the literature.8* The structure was further confirmed by 
single crystal X-ray analysis (Figure 2-2). Introduction 
of a 2,3-double bond in confertiflorin was performed by a 
modification of the procedure described by Sharpless and 
Michaelson86 via the phenyl selenide derivative (93)
Figure 2-2. Stereoscopic representation of the 
allodesacetylconfertiflorin molecule (92).
Figure 2-3. Stereoscopic representation of the 
confertiflorin molecule (90).
0
90
p-TsOH
MeOH
OH
92
Scheme 2-1. Conversion of confertiflorin (90) to desacetylconfertiflorin (91) 
and allodesacetylconfertiflorin (92).
oo
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Scheme 2-2. Conversion of confertiflorin (90) to
8a-acetoxyambrosin (94) and 2,3-dehydro-8a- 
acetoxypsilostachin C (95).
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(Scheme 2-2). Reaction of confertiflorin with phenylselenyl 
chloride followed by hydrogen peroxide oxidation in tetra- 
hydrofuran (THF) provided 8a-acetoxyambrosin (94), 
C 17H20OB, and 8a-acetoxy-2,3-dehydropsilostachin C (95), 
C i7H 2o0 6, in a 3:2 ratio. It was observed that changing 
the solvent in the oxidation step from THF to dichlorometh- 
ane changed the ratio of products in favor of 
8a-acetoxyambrosin. As in the *H NMR spectrum of ambro- 
sin (78) 87 lactone 98 exhibited typical absorptions (Fig­
ure 2-4 and Table 2-2) for protons on an oc,/3-unsaturated 
cyclopentenone moiety with two doublets of doublets at 
57.51 (H-2:J,,2=3.0 Hz; J2 , 3 =6.0 Hz) and 56.16 (H-3: J ifZ 
=3.5 Hz; Jz ,3 =6.0 Hz). The 13C NMR spectrum of 94 (Fig­
ure 2-5) showed a very strong downfield shift for C-2 and 
C-3 from the respective absorptions at 523.17 and 535.36 
in 90 to 5130.99 and 5162.35 in 94. The structure of the 
dilactone 95 was established by *H NMR correlation with the 
known dilactone psilostachin C .88 Two doublets of doublets 
at 56.57 ( J t ,z= 2.0 Hz; Jz,3 = 10.0 Hz) and 56.08 (
J ,,3= 2.5 Hz) were assigned to the respective H-2 and H-3
of the unsaturated 5-lactone (Figure 2-6). Further evidence 
for the attachment of a lactonic oxygen to C-5 in 95 was 
provided by 13C NMR chemical shift data for C-5 (Figure 
2-7) which appeared at 555.77 in enone 94 and at 587.51 in 
lactone 95 (Table 2-3).
Table 2-2. *H NMR spectral datat of compounds 94 and 95. (200 KHz in
CDC1,).
94 95
H-1 3.24 ddd (6.5. 3.5. 3.0) 3.01 ddd (5. 2. 2)
H-2 7.51 dd (6. 3) 6.57 dd (10, 2)
H-3 6.16 dd (6. 3.5) 6.08 dd (10. 3.5)
H-6 4.75 d (8.5) 4.93 d (10)
H-7 3.61 dddd (8.5, 5.5. 3.5, 3) 3.68 dddd (10, 10, 4. 3)
H-8 5.61 m (obs) 5.31 ddd (10. 10, 3)
H-9a 2.25 dd br (16, 8) 2.09 m
H-9b 1.87 dd br (16, 10) 2.01 m
H-10 2.47 m 2.41 m
H-13a 6.36 d (3.5) » 6.31 d (4.0)
H-13b 5.59 d (3.0) 5.60 d (3.0)
H-14(3H) 1.08 d (8.0) 1.22 d (7.8)
H-15(3H) 1.20 s 1.33 s
CH,-CO- 2.11 s 2.12 s
t chemical shifts are given in & (ppm) relative to TKS. s=singlet, 
d=doublet, m=multipiet, br=broaden, obs= obscured by other signals.
Tabla 2-3. " C  NMR datat of conponda 90, 91, 92. 94, 95. (SO KHz in CDC1,).
90 91 92 94 95
C-1 45.10 d 45.94 d 46.35 d 48.71 d 45.21 d
C-2 23^  17 t ' 23.53 t 24.48 t 130.99 d 120.32 d
C-3 35.36 t 35.66 t 34.84 t 162.35 d 148.15 d
C-4 217.52 a 218.22 a 213.49 a 209.77 a 161.41 a
C-5 54. 10 a 54.60 a 57.00 a 55.77 a 87.51 a
C-61 68.40 d 66.09 d 67.48 d 69.40 d 82.69 d
C-7 48.14 d 51.57 d 51.75 d 47.05 d 43.99 d
c-ai 79.50 d 80.45 d 74.64 d 78.97 d 69.50 d
C-9 39.68 t 43.81 t 42. 12 t 33.35 t 38.48 t
C-10 30.77 d 31.32 d 32.38 d 29.94 d 31.83 d
C-11 135.87 a 136.87 a 136.42 a 135.39 a 135.61 a
C-121 169.29 a 170.09 a 169.46 a 169.58 a 168.73 a
C-13 122.76 t 123.86 t 121.65 t 121.23 t 122.35 t
C-14 13.31 q t3.66 q 15.55 q 16.63 q 14.33 q
C-IS 15.41 q 15.79 q 17.35 q 17.24 q 17.35 q
C-16T 169.03 a --- --- 169.21 a 169.79 a
C-17 20.73 q --- —— 21.00 q 21.02 q
t Tha apactral data war# obtainad bp broad-band apactrai aultiplicily of 
tha algnala wara darivad froa off-raaonanca apactra (a*ainglat, d*doublal, 
t«triplat, <j>quartat). 
t Aaaignaanta aay ba intarchangaabla.
I Aaaignaanta confiraad by aingla fraguancy irradiation axpariaanta.
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Figure 2-4.*H NMR spectrum of 8a-acetoxyambrosin (94) (200 MHz in CDC13).
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Figure 2-5.-1»C-NMR spectrum of 8a-acetoxyambrosin (94)
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Figure 2-6.lH NMR spectrum of 2,3-dehydro-8a-acetoxypsilostachin C (95).
(200 MHz in CDC13).
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Figure 2-7.-l8C-NMR spectrum of 2 ,3-dehydro-8a-acetoxypsilostachin C (95)
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Including the compounds mentioned above, a total of 
forty sesquiterpene lactones of different skeletal types 
were tested for their molluscicidal activity against the 
snails of Biomphalaria glabrata. These included eight 
guaianolides, seven pseudoguaianolides, eigth eudesmano- 
lides and seventeen germacranolides. The activities of 
these compounds are shown in Table 2-4.
The most active compounds were 7a-hydroxy-3-desoxy- 
zaluzanin C (28), damsin (77), allodesacetylconfertiflorin 
(92), septuplinolide (100), 11,13-dihydro-11,13-oxy-
atripicolide (110), confertiflorin (90), 2,3-dehydro-8a- 
acetoxypsilostachin C (95) and parthenin (82) with LCioo in 
24 hours of 1.0, 10.0, 25, 40, 40, 50, 50 and 60 ppm,
respectively.
A common feature to all the molluscicidally active 
sesquiterpene lactones, except for 11,13-dihydro-11,13-oxy- 
atripicolide (110) is the presence of the a-methylene-7- 
lactone moiety. However, since the majority of the tested 
lactones contained this functionality, but most of the lac­
tones do not show appreciable molluscicidal activity, it 
must be concluded that it is not the only structural 
requirement for such activity. The two groups of compounds 
that exhibit distinct structural dependance of the mollus­
cicidal activity are the guaianolides and the pseudoguaia­
nolides.
Table 2-4. Kolluaclcldal activity of sesquiterpene lactones tested against Eiamphalarla glabrata snails.
Coepound Plant source LC,..(24 hrs.Jt*
Psaudogualanolldes
(92) Allodesacetylconfertlflorln
(94) 8er-acetoxyaabrosln
(90) Confertiflorin 
(77) Daasln
(95) 2,3-dehydro-8a-acetoxypsllostachln C
(91) Desacetylconfertlflorin 
(82) Parthenln
Cualanolldes
(24) Dehydrocostuslactone
(95) desacyl-8-tyglylsubcordatollde A 
(30) 11,13-dlhydro-7,11-dehydro-13-hy droxy- 
3-desoxyzaluranln C 
(29) 11,13-dlhydro-7a-hydroxy-3-desoxy 
zsluzanln C 
(28) 7<r-hydroxy-3-desoxyzaluzanln C
(97) Jasalcolide B 
(42) Puallln
(25) Zaluzanin C acetate 
EudassanolIdas
(98) lfl,4a-dlhydroxy-8fl-tlgloxy-11(13)- 
eudessan-6a,12-olide
(99) lfl-hydroxy-86-tlglinoylarbusculln B
prepared fros confertiflorln 
prepared fros confertiflorln 
Ambrosia confertlflora
prepared fros confertiflorln 
Ambrosia contort I flora 
Par them um hysthercphcrus
Podachaenlum emlnens 
Calea solldagmea 
Fodachaenlum emlnens
Podachaenlum emlnens
Podachaenlum emmens 
Calea Jamaiser.sts 
Bert and 1 era pumtla 
Fodachaenlum emtnsns
Calea trlchotoma
Calea trlchotzma
25
NA
50
10
50
NA
60
NA
200
NA
NA
1.0 (0.75 In 40 hrs.) 
NA 
NA 
NA
NA*
NA*
Table 2-4. ( Continued )
(1001 Saptuplinolida Calea septuplInervla 40
(1011 Subcordatollda B Calea sulcordat a NA
(1021 Subcordatollda C Caloa subcordata NA
(1031 Talakln Calea prtmlfolla NA
(1041 Bfl-tigllnoyloxyraynoaln Calea Trlchotoma NA
(1051 TrlchoaatolIda A Calea trlchotoma NA
aacranolldaa
(106) 86angaloyloxy-9a-acetoxycalyculatolIda Calea leptocarpa NA
(107) Calaln A Caloa species NA
(100) Clneranln Molampodlum clnareum NA
(109) Daaacatyllaovalarylhallanglna Calea megacophala NA
(110) 11,13-dlhydro-l1,13-oxyatrlpieollda Calea divaricate 40
(111) Enhydrln Helampodlum longlplturn NA
(112) Erioflorln Calea leptocephala NA
(113) Claucolldo A NA
(114) 2a-hydroxyaupatollda-B-0-angalata Calea dlvarlcata NA
(115) Jaaalcollda C Calea Jama I sens 13 NA
(116) Leptocarpln Calea dlvarlcata NA
(117) Laptocarplnacatata Calea dlvarlcata NA
(110) Nalaapodln A Helampodlum leucanthum NA
(119) Nalaapodln B Helam/>odl um clnereum NA
(120) Halaapodlnin Holam/iedlum anvrlcantm NA
(121) Melcanthln B H'.'lami-jdi um Intrant hum NA
(122) Subcordatollda D Calea suhcord.ua NA
ILCittvalUH glv«n In parta par Billion (ppa). 
tnl» No activity. *No activity obaervad up to lOOppa.
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Figure 2-8. Structures' of the pseudoguaianolide compounds tested for
molluscicidal activity against B. glabrata snails.
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Figure 2-9. Structures of the gualanolide compounds tested
for molluscicidal activity against B. glabrata snails.
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Figure 2-10. Structures o£ the eudesmanolide compounds 
tested for molluscicidal activity against B . glabrata 
snails.
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tested for molluscicidal activity against B. gla­
brata snails.
OMoc
HO
0
J 12
HO, OAng
OAng
RO
0
R'H 
J-12 R*Ac
HO
OAng
AcO
HO
121
Mac
OAc
OAcO-
1 13
HO
OAng
HO
OI 15
0
I 18 R l
Ac
OH
HO
OiBu
1 2 2
Figure 2— 11.— < Continued )
95
The most active compound, 7cc-hydroxy-3-desoxyzaluzanin 
C (28) with an LCioo of 1.0 ppm in 24 hours is also active 
at concentrations of 0.75 ppm killing the snails in 40
hours at this concentration. The most outstanding feature 
of this compound is the presence of the a-hydroxy group at 
C-7. It is important to notice that dehydrocostuslactone 
(24), which lacks the C-7 hydroxy group, and
11,13-dihydro-7a-hydroxy-3-desoxyzaluzanin C (29), which
lacks the methylene group oc to the lactone, did not exhibit 
any molluscicidal activity. This structural dependence 
clearly demonstrates that at least in the above guaianolide 
series the requirement for activity is the presence of 
both, the a-methylene-7-lactone and the allylic hydroxyl 
substituent at C-7.
Of the seven pseudoguaianolides tested only one lacked 
molluscicidal activity. Damsin (77), the structurally most 
basic pseudoguaianolide, was the most active of the group. 
The presence of an a-oriented hydroxyl substituent at C-8, 
as in desacetylconfertiflorin (91), caused loss of activ­
ity, but acetylation of the OH group partially regained 
activity as shown for confertiflorin (90).
The finding that the additional presence of a,/3- unsa­
turated carbonyl functions in a molecule increases the 
anticancer activity of a sesquiterpene lactone8 1 does not 
seem to hold in molluscicidal test. Comparison of the mol­
luscicidal activity of damsin with the reported data for
96
ambrosin (78), which contains an additional 2,3 double 
bond (LC9o= 10.9 ppm), demostrates the lesser importance of 
a cyclopentenone moiety for activity.
The presence of a hydroxy group at the allylic posi­
tion C-1 as in the case of parthenin (82) rather 
decreases the activity (LCioo= 60 ppm) when compared to 
ambrosin. A rather dramatic increase in activity is 
observed when lactonization is changed from 
12,60-lactonized desacetylconfertiflorin (91), which shows 
no molluscicidal activity, to the 12,8a-lactonized allode- 
sacetylconfertiflorin (92) with an LCioo of 25 ppm in 24 
hours.
Space filling models of 7a-hydroxy-3-desoxyzaluzanin C 
and allodesacetylconfertiflorin were computed in the 
PROPHET system using the structural data obtained by x-ray 
diffraction. It can clearly be seen in Figure 2-12 that 
the OH group at C-7 sticks out of the bulk of the molecule. 
This accesibility of the hydroxyl group could possibly be 
responsible for a directing effect assisting in a nucleo- 
philic attack on the exocyclic methylene a to the lactone 
moiety.
In the case of allodesacetylconfertiflorin (Figure 
2-13) the /3-OH group at C-6 also stands out from the rest 
of the bulk of the molecule although slightly hindered by 
the methyl group at C-5. Allodesactetylconfertiflorin 
appears to have a more rigid skeleton than that of confer—
OH
Figure 2-12 Space-filling model of the 7<x-hydroxy-3-desoxyzaluzanin C molecule (28).
>o
OH
Figure 2-13 Space-filling model of the allodesacetylconfertiflorin molecule (92).
NO
CO
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tiflorin (90), which can be derived from inspection of the 
two x-ray structures (Figures 2-2 and 2-3). In confertiflo­
rin the ring fragment from C-8 to C-10 is relatively flexi­
ble, while the C-7 to C-8 lactonization in allodesacetyl­
confertif lorin reduces this freedom of movement.
We can assume that the conformation of the given mol­
ecule makes the a-methylene-7-lactone group more or less 
available to nucleophilic attack by nucleophiles such as 
thiol groups from proteins. The fact that functional groups 
can assist in the positioning of substrates within the 
active site of an enzyme is exemplified by the case of cei—  
tain carboxylases and isomerases.8®a A stereochemically 
proper disposition of si functional group like the OH group 
at C-7 in 28 could strenghten the binding by hydrogen bond­
ing of the lactone molecule to the protein, allowing a more 
directed nucleophilic attack. Further support for this pro­
posal will be provided in the following chapter.
*
2.3 EXPERIMENTAL.
Ambrosia confertiflora DC. was collected on 18 June 
1982, on US Hwy 90 between Hondo and Uvalde, Texas. 
(Fischer No.135, voucher desposited at the Louisiana State 
University Herbarium, U.S.A.). The aii— dried plant material 
(1600 g) was extracted and worked up as previously 
described,03 providing 18.3g of crude terpenoid syrup.
100
Chromatography on a silica gel column with chloroform-ace- 
tone mixtures of increasing polarity gave 55 fractions of 
125 ml each. From fractions 15-28 8.3 g of confertiflorin
(90) were isolated. Fractions 23-40 provided 1.2 g of 
crude desacetylconfertiflorin (91).
Conversion of confertiflorln (90) into desacetyIconfert i- 
f1orin (91) and al1odesacety1confertiflorin (92).
Confertiflorin (250mg, 0.817 mmoles) was dissolved in 
25 ml of methanol and catalytic amounts of p-toluensulfonic 
acid were added. The reaction was run with removal of 
methyl acetate by distillation. After two hours the start­
ing material was consumed as observed by thin layer chroma­
tography. The solvent was evaporated and the residue dis­
solved in chloroform and treated with aqueous 10% NaHC03 
and washed with H20. The organic layer was dried over 
Na2S0* and the solvent removed in vacuo to give 225 mg of 
an oily residue, which was separated by preparative layer 
chromatography to provide 110 mg of desacetylconfertiflorin 
and 95 mg of allodesacetylconfertiflorin.
Confertiflorin (90)s CD (c, 1.96X10-4, MeOH) [9]302 
=+7.82x104, [9]243 =+2.6X10 4, [9]211 =+8.86X104.
Allodesacetylconfertiflorin (92): CD(c, 8.2xlO_5,MeOH) 
[9],9s = +1.34X10 3, [9]21s = +1.63x103.
Oxidative conversion of confert i f lor in (90) to 8<x-acetox y- 
ambrosin (94) and 8<x-acetoxy-2,3-dehydropsi lostachin C (95)
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Confertiflorln (200 mg; 0.653 mmoles) was dissolved in 
25 ml of EtOAc and 149 mg (0.784 mmoles) of phenylselene- 
nylchloride were added and reacted at room temperature for 
one hour, the reaction being monitored by tic. The change 
in color of the solution from dark orange to yellow indi­
cated completion of the reaction. The solution was washed 
with water to remove the HC1 produced, and 0.8 mmoles of 
aqueous 30J5 H202 were added to the organic layer. The mix­
ture was reacted for one hour when the solution changed 
from yellow to nearly colorless. The reaction mixture was 
washed with aqueous solution of 5% Na2C03 followed by H20. 
The solvent was removed in vacuo leaving 195 mg of an oil 
which was separated by preparative tic using a mixture of 
chloroform -acetone (9:1, v/v) as eluent, giving 110 mg 
of 94 and 83 mg of 95.
8ot-acetoxy ambrosin (94), C 1BH200B, gum; CD (c, 3.29X
10-*, MeOH) [0]33i = -1.87x102, [0]2Bi =+1.66x10*, [0]2i8
= -4.18X10*; IR v 'm.* (cm-1)(film) 1765 (y-lactone), 1735 
(ester); MS 70 eV, m/z (rel. int.) 304 (2.5, M+), 262
(25.4, M+— CH2=C=0), 244 (14.5, M+- CH3C00H).
8a-acetoxy-2,3-dehydropsilostachin C (95). C 1BH 2 0 0 e» 
gum; cd (c, 9.6x10"®, MeOH) [0]2B9 = +9.66X10*. [0]299 =
+8.11X10*, [©]211 =-214X10*; IR v m«x (cm- 1)(film), 1780 
(y-lactone), 1760 (S-lactone), 1720 (ester); MS, 70eV,
m/z (rel.int.): 320 (0.3, M+), 278 (0.2, M+- CH2=C=0),
260 (5.9, M+— CH3COOH).
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Bioassay of molluscicidal activity. The molluscicidal 
activity of sesquiterpene lactones and plant extracts was 
tested on Biomphalaria glabrata snails according to the 
guidelines recommended by the World Health Organization.89
CHAPTER 3
INHIBITION OF PHOSPHOFRUCTOKINASE BY 
SESQUITERPENE LACTONES.
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3.I INTRODUCTION
The majority of the chemical reactions that are typical 
for sesquiterpene lactones have been discovered in the 
course of their structure elucidation. Some comprehensive 
reviews outline the most important transformations.10 Some 
of the structural modifications of sesquiterpene lactones 
have been used to study the effect of different functional 
groups in an effort to learn about the structure-activity 
relationship within a series of compounds.
All of the experimental evidence about the biological 
activity of sesquiterpene lactones seems to indicate that 
the a-methylene-T-lactone portion of the molecule is the 
essential structural feature for biological activity of 
these compounds. The main reason for activity of this moiety 
is its reactivity towards nucleophiles to form a Michael-ad- 
duct. A possible mechanism of action is the reaction with 
biological nucleophiles found in the amino acid side chains 
of proteins (e.g. cysteine, lysine, hystidine) and therefore 
very accessible in living systems (Scheme 3-1).
protein*~"~S-H +
Scheme 3— 1. Alkylation of protein sulfhydryl groups 
by cc-methylene-7-lactone (1).
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In addition to the molluscicidal activity described in 
the previous chapter, sesquiterpene lactones exhibit vari­
ous biological activities. Several reviews have been writ­
ten on this subject90"92,95 and some representative exam­
ples are outlined below.
3.1.1 Microbial Growth-Inhibitors.
Sesquiterpene lactones have been shown to possess 
antimicrobial properties.99 For instance, the growth of the 
bacteria Staphylococcus aureous is inhibited by germacra- 
nolide compounds like mikanolide (123) and dihydromikano- 
lide (124), isolated from Mlkania monagasensis. 94 
Parthenin (82) , the major lactonic constituent from the 
common weed Parthenium hysterophorus, inhibits sporangial 
germination and zoospore mobility in Sclerospora gramini- 
col a. 95
3.1.2 Insect Feeding Deterrants.
Evidence that sesquiterpene lactones provide resis­
tance to insect feeding was first demostrated by a study of 
the genus Vernonia (Compositae).96 It was shown that the 
presence of glaucolide A (113), a major lactone in many 
species of this genus, greatly reduced larval feeding on 
Spodoptera eridanla, S.frigiperda, Diacrisia virginica 
and Trichoplusia ni. The feeding was inversely propoi—  
tional to the concentration of glaucolide A. Furthermore 
there was preference by the insects for' Vernonia flaccidi- 
folia, a species that does not contain glaucolide A.
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3.1.3 Plant Growth Inhibitors.
A variety of sesquiterpene lactones of different skel­
etal types have been reported to be active plant growth 
regulators.97 The dilactone vernolepin Cl25) , isolated 
from Vernonia species, has been shown to inhibit the 
growth of wheat coleoptile sections by as much as 80%.98 
Heliangine (126), first isolated from Jerusalem arti­
choke, Heliantus tuberosus, inhibits the growth of coleop­
tile sections in Avena, but it also promotes adventitious 
root formation of Phased us cuttings, which is not 
observed after addition of cysteine or hydrogenation of the 
exocyclic methylene group.99 Alantolactone (127) was 
shown to not only inhibit seedling growth, but it also 
reduced seed germination.100
3.1.4 Vertebrate Poisoning.
Bitter tasting plants from the Compositae have been 
documented to cause livestock-poisoning.9®,101 Hymenoxys 
odorat a is an important livestock toxicant commonly known 
as bitterweed. It primarily affects sheep and goats, and 
experiments demostrated that hymenoxin (128) the major 
sequiterpene lactone in Texas populations of H. odorat a, 
is the toxin responsible for the death of sheep.102 A simi­
lar pattern of poisoning was observed among sheep grazing 
on South African species of Cergeira which contain the 
sesquiterpene lactone vermeerin (129). 95
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3.1.5 Contact Dermatitis in Humans.
Mitchell and collaborators103 have demonstrated that 
sesquiterpene lactones derived from species of the Composi- 
tae cause allergic contact dermatitis in humans and over 50 
lactones of different structural types were clinically 
tested. The most active compound found in their studies was 
alantolactone (127), isolated from Chrysanthemum spec­
ies. This lactone was rendered inmunologically inactive 
after reaction with the amino acids cystein, tryptophan, 
histidine and lysine.105
The cosmopolitan weed Parthenium hysterophorous L, 
has been the cause of serious outbreaks of allergic aczema- 
tous dermatitis in India, where it was introduced from the 
Americas. The active compounds responsible for this phenom­
enon were shown to be parthenin (82) and ambrosin 
(78). These two lactones are also found in other genera of 
the Ambrosiinae (Compositae) such as Iva, Ambrosia and 
Hymenoclea. Careful study of the plant leaves revealed 
that these lactones are concentrated in the trichomes on 
the leaf surface.105
3.1.6 Antitumor and Cytotoxic Activity.
In the search for antitumor natural compounds, an 
extensive screening of plant extracts and natural products 
of plant origin has been carried out by the U.S. National 
Cancer Institute since the mid 1950's. Approximately two 
hundred sesquiterpene lactones of various skeletal types
1 10
have been tested for both, cytotoxicity and anti-tumor 
activity. Approximately 40% of the tested sesquiterpene 
lactones were cytotoxic (KB £2.0) and approximately 20% 
were antineoplastic agents in experimental tumors.106 Based 
on the assumption that cytotoxicity and antitumor activity 
can be correlated, a directed search for lactonic compounds 
with low cytotoxicity and high antitumor activity was pei—  
formed but without success.10*1
One feature that is common to all compounds that 
exhibit cytotoxic and/or antineoplastic activity is the 
presence of the a- methylene -y- lactone moiety. Compounds 
that do not posses the exocyclic methylene group do not 
show significant activity, and those products of reaction 
of active compounds with nucleophiles such as cysteine are 
rendered much less active and in some instances totally 
inactive. This is exemplified by compounds such as elephan- 
topin (130), Eupatundin (131), Vernolepin (125), and 
thier derivatives 132-134.
Contact dermatitis is believed to be caused by the 
reaction of the skin sulhydryl proteins with the lactones. 
Other types of biological activity could be caused by the 
reaction of the lactone with enzymes that are essential in 
the metabolic pathways of the organism involved. To fui—  
ther pursue testing of this theory, studies were performed 
to learn about the effect of sesquiterpene lactones on the 
sulfhydryl-containing enzyme phosphofructokinase. For this
111
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study, the lactones chosen were those that exhibited sig­
nificant molluscicidal activity.
3.1.7 Inhibition of Phosphofructokinase by Sesquiterpene 
Lactones.
Phosphofructokinase (ATP: /3-D-fructofuranose 6-P-1
phosphotransferase, EC 2.7.1.11) is a key enzyme in the 
regulation of glycolysis.107-109 These allosteric (regula­
tory) characteristics are manifested in three main fea­
tures: Pasteur effect, control of pyridine nucleotide
oscillations and hormonal regulation of glycolysis.109-111 
Phosphofructokinase catalyzes the phosphorylation of fruc- 
tose-6-phosphate to fructose-1,6-bisphosphate (Scheme 
3-2).108 Like any other phosphorylation reaction involving 
ATP, the reaction catalyzed by phosphofructokinase requires 
a divalent cation-ATP complex which is the actual subs­
trate, the most effective being Mg**.112
Like most allosteric enzymes PFK is an oligomer. The 
minimum fully active form is a tetramer with a molecular 
weight of approximately 380,000 daltons.119 The activity of 
PFK is regulated by a variety of substances including its 
substrates, substrate analogs such as AMP and 3',5’-cAMP 
and by citrate.114 PFK shows Michaelis-Menten kinetics at 
pH 8.0, but exhibits complex kinetics with respect to subs­
trate concentration at pH 7.2.
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PFK
Mg ATP MgAOP
Schema 3-2. The reaction catalysed by PFK.
F-6-p - ^ J >F£>^  FI, 6 BP 
ATP ADP
.♦ PEPNADH»H'-^TRt~ PK
] l d h
NAD*-^*
LACTATE
F-6-P----— -  FI.6BP
ALD
OHAP + C 3 P
N ADH‘H*
NAD
TPI
Q-GDH
CI-GLYCEROL-P
Figure 3-1.-Methods of assay of phopsphofructokinase
(PFK).
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Thiol groups have been shown to be important to the 
catalytic activity of PFK.114 Younathan et al 115 found 
that at pH 8.0 six sulfhydryl groups of PFK react with Ell- 
man's reagent and that two of these groups can be protected 
by addition of fructose-6-phosphate. They also found that 
60% of the enzyme activity was lost by alkylation of six 
sulfhydryl groups with iodoacetamide, and that the subs­
trates fructose-6-phosphate and MgATP protect the enzyme 
against this loss.
PFK has been completely or partially purified from 
skeletal muscle, heart muscle, liver, kidney, erythrocyte, 
platelets, brain thymocyte, thyroid and tumor cells.107
PFK activity may be assayed in many different ways, 
the most common ones being the procedure described by 
Ling et a I (Figure 3-1a)116 and that described by Reinhart 
and Lardy (Figure 3-1b).117 In both methods PFK activity is 
determined by coupling the reaction catalyzed by PFK with 
two other reactions. In the pyruvate kinase method, for 
each mole of fructose-1,6-diphosphate formed in the PFK 
catalyzed reaction there is one mole of NADH oxidized in 
the final coupled reaction, whereas in the aldolase method, 
two moles of NADH are oxidized per mole of fruc­
tose-1 ,6-bisphosphate formed. It is this oxidation which is 
actually monitored during the assay of activity. The 
decrease in absorption at 340 nm is measured at pH 8.0 and 
28°C, which are conditions for optimal enzyme activity.
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Kupchan and coworkers118,119 studied the effect of a 
number a compounds on the activity of PFK, including the 
sesquiterpene lactones euparotin acetate (135), eupacu- 
nin (136) and vernolepin (125). These lactones showed 
5055 inhibition of enzyme activity at relative concentra­
tions of 1000 to 2000 moles per protomer of enzyme. The 
compounds were about ten times as effective as iodoacetam­
ide, a common sulfhydryl reagent.
When the sesquiterpene lactones were reacted with the 
sulfhydryl-containing compound dithiothretiol (142) prior 
to reaction with the enzyme, they exhibited a lowering of 
their inhibitory power.. This may indicate that the inhib­
ition of PFK is due to the reaction of the lactonic portion 
of the molecule with sulfhydryl groups of the enzyme which 
are essential for enzyme activity.
Several sesquiterpene lactones, of the melampolide 
type, and their ester derivatives were tested for their 
inhibitory activity against PFK and their apparent K t was 
determined.106 The strongest inhibitors were cinerenin 
(138), cinerenin hexanoate (139), melampodin B (140) 
and melampodinin B acetate (141) with apparent Ki val­
ues of 0.90, 0.25, 0.221 and 0.222 mM, respectively.
3.2 RESULTS AND DISSCUSSXON.
Ten sesquiterpene lactones were tested as possible 
inhibitors of PFK using the method of Reihart and Lardy for 
assays of enzyme activity.118 The compounds were divided in
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two series, four guaianolides 24, 28, 29, and 30 (Figure
3-2) and six pseudoguaianolides 82, 90, 91, 92,
94, and 95 (Figure 3-3). Apparent inhibition constants, 
abbreviated app Ki , were calculated for each tested ses­
quiterpene lactone. In this assay the concentration of the 
potential inhibitor is varied while the concentration of 
the substrates and the other reagents in the reaction mix­
ture remain constant. The app Ki is determined by obtain­
ing the percent inhibition value for eacR individual con­
centration of the inhibitor and plotting the final
concentration of the inhibitor versus the percent inhib­
ition. The concentration of the inhibitor that yields 50% 
inhibition of enzyme activity is then calculated from the 
plot and this is the concentration value defined as app 
Ki. As in the case of the Michaelis constant, Km , a 
lower value of the constant indicates greater affinity of 
the enzyme for the substrate. Therefore, the lower the 
value of Ki the stronger the affinity of the inhibitor 
towards the enzyme.
Tables 3-1 and 3-2 contain the inhibition results of 
the lactones at different concentration. During the enzyme
assays it was observed that inhibition did not occur
instantaneously, but rather in a time progressive manner. 
This was more noticeable with the stronger inhibitors, 
which suggests that inhibition may be happening with forma­
tion of a covalent linkage between the enzyme and the lac-
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Figure 3-2.- Structure of the guaianolide compounds tested
for inhibition of PFK.
R=OAc 
21 R=OH
OH
22
R R'
§2 OH H
24 H OAc
Figure 3-3.- Structure of the pseudogustianolide compounds 
tested for inhibition of PFK.
Table 3-1. Results of Inhibition of PFK by the gualanollde series.
Coapound Final concentration 
(sM)
X Inhibition
(24) Dehydrocostuslactone 0.3913 14.46
0.7826 25.37
1.1739 32.97
1.5652 46.60
(30) 11,13-dlhydro-7,11-dehydro-13-
hydroxy-3-desoxyzaluzanln C 0.1626 4.63
1.626 29.9S
3.252 69.70
(29) 11,13-dihydro-7a-hydroxy-3-
desoxyzaluzanin C 0 . too 6.38
1.008 15.68
2.016 39.39
3.024 48.81
(28) 7a-hydroxy-3-desoxyzaluzanin C 0.0285 46.60
0.0939 51.25
0.1878 63.13
0.2817 69.50
0.3756 74.94
0.4695 75.73
0.5634 82.39
120
Table 3*2. luulta of Inhibition ot PFK by the paaudojiiaianollda aariea.
Coepound Pinal concantration I inhibition
(all)
1*21 Allodaaacatylcontertlflorln 0.4555 21.38
0.7*66 23.00
0.9177 29.09
I.04M 30.27
I.311 31.23
2.322 *3.3*
(9*1 Ba-acatovyaabroaln 0.1921 3.70
I.9213 31.34
3.3*3 *2.92
3.76* 37.47
(90) Coafertlflorln 3.39 11.33
7.73 33.33
15.33 32.00
(93) 2.3>d*hydro~Be*cetoxy-
palloatachln C 0.3932 9.00
0.7933 12.09
1.393 2*.*2
3.9323 32.37
7.933 79.95
(91) Deaacatylconfartlflorln 0.1973 3.9*
1.975 13.00
3.93 23.73
(32) Parthaaln 3.4 17.73
3.3 19.93
10.2 23.71
13.3 *1.84
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tone inhibitors. Figures 3-4 to 3-13 show the plots from 
which the apparent Ki values were calculated for the dif­
ferent inhibitors.
The inhibition results for the guaianolide series are 
presented on Table 3-1. Apparent Ki values for the series
are shown in Table 3-3. It is clear from the table that
the most active of the inhibitors was
7a-hydroxy-3-desoxyzaluzanin C (28), with an appai—
ent Ki value of 0.076 mM. The second most active inhibitor
was dehydrocostuslactone (24) with an apparent Ki value of 
1.88 mM, which is approximately 25 times lower in activity 
than 28. Structurally, the only difference between these 
two compounds is the presence of the a hydroxy group at C-7 
in 28. By contrast, lactone 29 possesses the OH group at 
C-7 but lacks the exocyclic methylene a to the lactone 
group. Its apparent Ki value of 3.23 mM is about 42 times 
that of compound 28 and approximately 1.7 times greater 
than that of lactone 24.
Table 3-2 contains the inhibition results for the six 
pseudoguaianolides. The app Ki values for the. series are 
shown in Table 3-4. The most active compound of the series 
was allodesacetylconfertiflorin (92), with an apparent 
Ki value of 3.24 mM. The isomeric desacetylconfertiflorin
(91) on the other hand, was about 2.2 times less inhibi­
tory than 92. When compared to confertiflorin (90) with 
an apparent Kt= 14.2 mM, introduction of an additional
123
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Figure 3—4.-Inhibition of PFK by dehydrocostuslactone (24).
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Figure 3-5.- Inhibition of PFK by 11,13-dihydro-7,11-
dehydro-13-hydroxy-3-desoxyzaluzanin C (30).
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Figure 3-6.- Inhibition of PFK by 11,13-dihydro-7a-hydroxy 
-3-desoxyzaluzanin C (29).
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Figure 3-7.- Inhibition of PFK by 7o-hydroxy-3-desoxy
zaluzanin C (28).
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Figure 3-8.- Inhibition of PFK by allodesacetylconfertiflo­
rin (92) .
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Figure 3-9.— Inhibition of PFK by 8ex-acetoxyambrosin (94).
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Figure 3-10.- Inhibition of PFK by confertiflorin (90).
50-
e
o
£
c
20-
10-
1410 12
Final Concantratlon (mM)
Figure 3 - 1 1 Inhibition of PFK by 2,3-dehydro-8a-acetoxy-
psilostachin C (95).
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Figure 3-12.- Inhibition of PFK by desacetylconfertiflorin 
(91),
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Figure 3-13.- Inhibition of PFK by parthenin (82).
Table 3-3. Apparent Ki values for the guaianolide series.
Compound apparent Kt (mM)
(24) Dehydrocostuslactone 1.88
(30) 11,13-dihydro-7,11-dehydro-13- 2.36
hydroxy-3-desoxyzaluzanin C
(29) 11,13-dihydro-7«-hydroxy-3- 3.23
desoxyzaluzanin C
(28) 7or-hydroxy-3-desoxyzaluzanin C 0.076
Table 3-4. Apparent A't values for the pseudoguaianolide series.
Compound apparent (mM)
(92) Allodesacetylconfertlflorin 3.24
(94) 6ot-acetoxyaabrosin 4.82
(90) Confertiflorin 14.20
(95) 2,3-dehydro-8aacetoxypsilostachin C 5.25
(91) Desacetylconfertiflorin 7.39
(82) Parthenin 21.49
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a ,0-unsaturated carbonyl function as in the case of 
8a-acetoxyambrosin (94) and 8a-acetoxy-2,3-dehydropsilosta- 
chin C (95) resulted in a significant increase in inhibi­
tory power with apparent K t values of 4.82 mM for 94 and 
5.25 mM for 95. The presence of additional reactive alky­
lating sites in the lactones 94 and 95 could explain 
the increase in activity of the two compounds. This possi­
ble blocking of nucleophiles, such as thiol groups, of the 
enzyme by the lactone molecule should result .in a decrease 
of catalytic power of the enzyme. Surprisingly, parthenin 
(82), which also contains a cyclopentenone moiety, exhib­
its low inhibition with an app Ki value of 21.5 mM. This 
could be due to steric hindrance caused by the angular
allylic OH group which may block access to the
a,/3-unsaturated carbonyl group of the cyclopentenone poi—  
tion of the molecule. It is also possible, however, that 
the overall conformation of parthenin is affected by the 
presence of the allylic hydroxyl group influencing its 
reactivity.
In order to confirm the assumption that inhibitory 
effects are due to the blocking of the thiol groups of PFK, 
assays were run in which the sesquiterpene lactones were 
incubated with dithiotrietol (137) (DTT), a common thiol
reagent. The inhibitor and DTT were added to the reaction
mixture and after incubation for five minutes the reaction 
was started by addition of the enzymes. The assays showed
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that inhibition of PFK was blocked once the amount of DTT 
in the mixture was at least one equivalent per 
<x,j3-unsaturated carbonyl group in the molecule.
To test for the type of inhibition that takes place 
(e.g. competitive, noncompetitive, mixed type, uncompeti­
tive), assays were run with the most active of the inhib­
itors, 7a-hydroxy-3-desoxyzaluzanin C (28). First, the con­
centration of the inhibitor was kept constant while the 
concentration of F-6-P is varied. Then the concentation of 
inhibitor is changed and the concentration of F-6-P was 
varied again in the same manner as before. Michaelis-Men- 
ten and Lineweavei— Burk plots were constructed from the 
data obtained from these experiments (Figures 3-14 and 
3-15). It can be seen from the Lineweavei— Burk plots that 
the lactone inhibitor exhibits mixed type inhibition 
against both substrates, F-6-P and ATP, with changes in the 
value of both Km and 7max increasing the former and 
decreasing the latter (Table 3-5).
To obtain a more accurate value of K 4, assays were 
run varying the concentration of the inhibitor while main­
taining a fixed concentration of F-6-P, keeping the rest of 
the reagents constant. Then the concentration of F-6-P is 
changed to a new fixed concentration and the assays are 
repeated. The results are shown in Table 3-6. A Dixon 
plot120 of concentration of inhibitor versus (v/lO"* was 
constructed from the data obtained (Figure 3-16). The
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Figure 3-14.- Michaelis-Menten plot of dependence of PFK 
activity on the concentration of F-6-P in presence and in 
absence of 7a-hydroxy-3-desoxyzaluzanin C (28) at pH 8.0 
and 2.0 mM ATP.
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Figure 3-15.- Lineweaver-Burk plot of dependence of PFK 
activity on the concentration of F—6-P in presence and in 
absence of 7<x-hydroxy-3-desoxyzaluzanin C (28) at pH 8.0 
and 2.0 mM ATP.
Table 3-5. Effect of lactone 28 over Km and Vm.x at. pH 8.0 
and 2.0 mM ATP.
Substrate Inhibitort Km (mM) vmaK %
F-6-P 0.00 0.270 ± 0.040 0.099 ± 0.003
F-6-P 0.37 0.412 ± 0.098 0.031 ± 0.001
F-6-P 0.56 0.985 ± 0.144 0.026 ± 0.001
tlnhibitor concentration (mM). ^velocity in aOD/min.
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actual value of Ki can be obtained from this plot by calcu­
lating the concentration of the inhibitor at which the 
lines cross. This Ki value for
7cc-hydroxy-3-desoxyzaluzanin C is 0.091 mM.
Assays were also run under allosteric conditions at pH
7.2 varying the concentration of ATP at fixed concentra­
tions of F-6-P and the lactone inhibitor (Table 3-7). ATP 
is not only a substrate of PFK, but is at certain concen­
trations also an inhibitor. Under the experimental condi­
tions, ATP is an activator up to concentrations around 0.03 
mM after which it begins to act as an inhibitor. In pres­
ence of the lactone inhibitor ATP acts about the same as in 
its abscence, reaching maximum velocity around .03 mM con­
centration of ATP, but about one third slower than in 
absence of the inhibitor.
The fact that there appears to be a mixed type inhib­
ition by 7a-hydroxy-3-desoxyzaluzanin C might help explain 
the biphasic nature of the inhibition curve in figure 3-7. 
There appears to be substantially strong inhibition below 
the 0.02 mM concentration of the inhibitor, after which the 
inhibitor concentration dependence of PFK activity levels 
off dramatically followed by increases in inhibition pro­
portional to the increase in the concentration of inhib­
itor.
The manner in which the inhibitor works in the initial 
portion of the inhibition can very well be due to the
Table 3-6. Effect of concentration of F-6-P on the velocity of the reaction 
at varying concentrations of lactone inhibitor 28 under optimal conditions 
(pH 8.0) and 2.0 mM ATP.t.
[I] (mM) [F—6-P]=0.5 mM [F-6-P]- 1.0 mM [F-6-P] =2.0 mM
Cw'V) (v/V')-» (v/V) ( v /V ) (v/V)-»
0.0939 0.476 2. 10 0.493 2.02 0.487 2.05
0.1878 0.305 3.27 0.344 2.90 0.368 2.71
0.2817 0.210 4.76 0.290 3.44 0.305 3.27
0.3756 0.178 5.61 0.229 4.34 0.250 3.99
0.4695 0.138 7.24 0.214 4.65 0.242 4.12
0.5634 0.084 11.90 0.150 6.62 0.176 5.67
t fv/VZ is the relative velocity with respect to the control assay.
(v/V)‘1 8~
7"
6-
5-
4-
.5 mM
1.0 mM
2.0 mM
3-
2 -
0.1 0.4 0.50.0 0.2 0.3
[ I ] (mM)
Figure 3-16.- Dixon Plots at varying concentrations o£ 
F-6-P at 2.0 mM concentration o£ ATP under optimal condi­
tions (pH 8.0).
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Table 3-7.- Effect of concentration of ATP on tha valocity of the 
raaction under allosteric conditions (pH 7.2) and 2.0 all F-6-P.
lATP](nM) V x 10* 
tl]=0.0
(A0D/min)t
[I]«0.ImM
0.05 0.42 0.00
0.125 2.56 0.22
’ 0.250 5.66 4.44
0.375 6.00 4.00
0.500 5.43 3.63
0.75 3.71 2.94
1.00 2.96 2.30
1.50 0.79 0.33
2.00 0.48 0.00
3.00 0.06 0.00
tvalocity was aeasured in A optical density units per alnute at
ro.
o No inhibitor
4-
1.0 3.0
Figure 3-17.- Effect of ATP concentration on inhibition of 
PFK by 7a-hydroxy-3-desoxyzaluzanin C (28) under allosteric 
conditions (pH 7.2).
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uncommon OH group attached to C-7. We proposed in the pre­
vious chapter that this group could possibly assist the 
nucleophilic attack at the exocyclic methylene. This 
directing action could be due to bonding (covalent or 
hydrogen bonding) of the OH group to a receptor at the 
active site of the enzyme. Consequently, the reactivity of 
the lactone moiety with nucleophilic centers such as thiol 
groups would be enhanced, thus more actively blocking this 
active site of the enzyme.
The observation that concentrations as low as 0.02 mM 
inhibit about 40% of the enzyme activity can be found in 
agreement with that of Younathan et.al. 118 that 60% of the 
enzyme activity is lost when six sulfhydryl groups of PFK 
are alkylated. We can then assume that alkylation of sulf­
hydryl groups essential for enzyme activity, mainly those 
that are in the active site of the enzyme or that assist in 
attaining the conformation of this active site, is rela­
tively fast with 7a-hydroxy-3-desoxyzaluzanin C.
It is interesting to note"that allodesacetylconferti- 
florin (92), the most active inhibitor of the pseudo- 
guaianolide series, exhibits similar behavior to that of 
7a- hydroxy-3-desoxyzaluzanin C as shown in Figure 3-8. 
Although not as strong an inhibitor, its inhibitory activ­
ity shows similar characteristics. Unfortunately, solubil­
ity problems of lactone 92 prevented the running of assays 
at concentrations beyond 3.0 mM, since the increase in vol­
ume of methanol solution started to denature the enzyme.
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Although the extent of activity is not the same in 
both instances, it seems worthwile to point out that the 
most active inhibitors of the guaianolide and pseudoguaia- 
nolide series are also the ones that exhibit the highest 
molluscicidal activity (Table 3-8). Their LCjoo values 
against the snails of BLomphalaria glabrata are 1.0 and 25 
ppm for 28 and 92, respectively. This does not necessarily 
indicate that molluscicidal activity is due to inhibition 
of PFK in B. glabrata snails, but that it is likely that 
the molluscicidal compounds may react with certain enzymes, 
or proteins in general, in a similar fashion. The action of 
lactonic alkylating agents most likely blocks certain 
enzymes active sites essential in the snail's metabolism.
3.3 EXPERIMENTAL
Rabbit muscle PFK was extracted and purified by the 
method of Ling at.al. 1,6 The enzyme was stored in potas­
sium phosphate buffer pH 8.0, 0.2 mM EDTA, 60% ammonium
sulfate. This preparation is stable for several months. 
Before each experiment PFK was dialayzed against three 
changes of a buffer solution containing 0.1 M TRIS-P pH 
'8.0, 0.2 mM EDTA and 0.2 mM DTT, for a 24 hour period. The 
dilution buffer used in each experiment contained 50 mM 
TRIS-P at pH 8.0, 1.0 mM EDTA, 1.0 mM DTT and 0.01% bovine 
serum albumin.
Table 3-8. Apparent Ki and LCt0o values for the guaianollde and pseudoguaianolide
series.
Coapound apparent Kt (mM) LC(ooC24 hrs)
Cualanolldes
(24) Dehydrocostuslactone 
(30) 11,13-dihydro-7,11-dehydro-13- 
hydroxy-3-desoxyzaluzanin C 
(29) 11.13-dlhydro-7«-hydroxy-3- 
desoxyzaluzanin C 
(28) 7«-hydroxy-3-desoxyzaluzanin C 
Pseudogua1anoli des
(92) Allodesacetylcon£ertiflorln
(94) 8a-acetoxyambrosin
(90) Confertlflorln
(95) 2,3-dehydro-8aacetoxypsilostachin C
(91) Desacetylconfertiflorin 
(82) Parthenin
1.88 NA
2.36 NA
3.23 NA
0.076 1.0(0.75 in 40 hrs)
3.24 25
4.82 NA
14.20 50
5.25 50
7.39 NA
21.49 60
Table 3-9. Reagents in order of addition for assay of PFK under optimal conditions.
Reagent Ct (mM)' Volume (X) Cf (mM)°
NADH 3.2 50 0.16
ATP 20.0 100 2.0
inhibitors V 350
H*0 J.
Tris-Cl (pH 8.0) 330.0 100 33.0
MgCl* 40.0 50 2.0
KC1 500.0 80 39.1
NH.C1 40.0 100 4.0
EDTA 0.5 20 0.01
PFK 20
AE 30
F-6-P 20.0 100 2.0
'Initial concentration. "Final concentration.
tThe inhibitor lactones were dissolved in methanol. An equal volume of methanol was 
added to the control assay.
$The total combined volume of inhibitor solution and water was 350 X.
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The auxiliary enzymes, rabbit muscle triose phosphate 
isomerase-a-glycerophosphate dehydrogenate (TPI-a-GDH) were 
purchased from Sigma. The enzyme mixture was dialyzed with 
three changes of buffer solution containing 0.1 M TRIS-C1 
pH 8.0, 0.2 mM EDTA within a 24 hour period. The auxiliary 
enzyme system was diluted prior to the experiment in a 
.buffer composed of 0.25 M TRIS-C1 pH 8.0, 0.2 mM EDTA, and
0.2 mM DTT.
PFK was assayed spectrophotometically by measuring the 
decrease in absorbance of NADH at 340 nm using the aldo- 
lase/triosephosphate isomerase/glycerophosphate dehydroge­
nase assay (Figure 3-1b). The sesquiterpene lactone inhib­
itors were dissolved in methanol, and the control assay 
contained the same volume of pure methanol as that of 
inhibitor solution being added.
Optimal PFK activity assays were done following the 
conditions described by Reinhart and Lardy117 at pH 8.0.
The final reaction mixture contained in a total volume of 
1.0 ml: 0.16 mM NADH, 33 mM TRIS-C1 pH 8.0, 0.01 mM EDTA,
40 mM KC1, 4 mM MgClz, 4 mM NH*C1, 2 mM ATP, 0.48 units of 
aldolase, 4.6 units triose phosphate isomerase, 0.5 units 
of a-glycerophosphate dehydrogenase, 0.2 mM fruc- 
tose-6-phosphate and approximately 0.2 /tig of PFK (Table 
3-9).
The reaction was usually started by the addition of 
fructose-6-phosphate. When the effect of DTT on the inhibi­
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tor was tested, the reaction was started with the addition 
of the auxiliary enzymes system followed by PFK.
Assays of PFK under allosteric conditions were run at 
pH 7.2. The reaction mixture contained 0.16 mM NADH, 1.0 mM 
DTT, 50 mM Imidazole-Cl pH 7.2, 0.2 mM EDTA, 25 mM KC1, 0.2 
mM fructose-6-phosphate, Mg++/ATP concentration varied, 4.6 
units TPI, 0.5 units a-GDH, PFK and 0.1 mM of the inhibitor 
(Table 3-10). The reaction was started by addition of the 
Mg++/ATP solution to the reaction mixture.
Table 3-10. Reagents in order of addition for assay of PFK under 
allosteric conditions.
Reagent C, (mH)^ Volume (X) C, (mM>°
NADH 3.2 50 0.16
Mg**/ATPt 50
PFK • 20
AE 30
EDTA 4.0 50 0.2
Imidazole-Cl (pH 7.2) 250 200 50.0
KCL 500 50 25.0
H*0 350
Inhibitor? 1.0 100 0.1
F-6-P 1.0 100 0.1
♦Initial concentration. °Final concentration. 
tConcentratlon varied as indicated on Table 3-8.
^Inhibitor in methanol solution. The same volume of methanol was added to the control 
assay.
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